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Abstract 1

The Role of Vascular Endothelial Growth Factor (VEGF) Leading to Vascular

Leakage in Children With Dengue Virus Infection

* k%

Patcharapa Sathupan®,**, Apichai Khongphattanayothin**, Jirabat Srisai**,***, Karakade
Srikaew™*,***, Yong Poovorawan**. Departments of Paediatrics, Thammasat University,
Patumthani, Thailand* , Chulalongkorn University, Bangkok, Thailand** and Had Yai Hospital,

Songkhla, Thailand***

Abstract

Increased vascular permeability is the main aetiology for hypovolemic shock and
circulatory failure in dengue haemorrhagic fever (DHF). In this study, we investigated the role of
vascular endothelial growth factor (VEGF) in the pathogenesis of DHF. Serum samples from 41
patients (15 dengue fever [DF], 26 DHF) with serologically confirmed dengue virus infection
during febrile, toxic, convalescent stages and at follow-up were analyzed for VEGF. Plasma
samples from additional 27 children (16 DF and 11 DHF) during febrile, toxic stages and at 4-
weeks follow-up visit and 8 healthy controls were analyzed for VEGF. Serum and plasma VEGF
levels were not elevated during febrile or toxic stages of dengue virus infection and were not
different between patients with DF and DHF. We concluded that plasma leakage in patients with
DHF cannot be explained by elevation of VEGF level during the toxic stage of the illness.

Key words: Dengue, Dengue haemorrhagic fever, Dengue shock syndrome, Vascular endothelial

growth factor, Vascular leakage
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Abstract 2

Matrix Metalloproteinase-9 (MMP-9) in Children with Dengue Virus Infection

Nipasiri Voraphani1, Apichai Khongphattanayothin1, Karakade Srikaew1’2, Praewpilai Tontulawat1,
Yong Poovorawan1*
Departments of Pediatrics, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand1,

and Hadyai Hospital, Songkhla, Thailand2
Abstract

The purpose of this study was to investigate the role of MMP-9 in the pathogenesis of vascular
leakage in patients with dengue virus infection. Serum samples from 24 children with serologically
confirmed dengue virus infection [dengue fever (DF) = 16, dengue hemorrhagic fever (DHF) = 8,
age 9.5 2.4 years, 67% male] during the febrile, toxic stages, and at follow-up were analyzed for
MMP-9. Serum samples obtained from 7 healthy children served as the control group. In patients
with dengue virus infection, serum MMP-9 was lower at the febrile (227.0 £ 186.9 ng/ml) and
toxic stages (150.9 £ 151.7) compared to at follow-up (424.5 + 227.8 ng/ml) and the control group
(393.3 + 125.9 ng/ml, p < 0.001 by one-way ANOVA). There was no significant difference
between MMP-9 levels in patients with DHF and those with DF at all stages of the disease. In
conclusion, serum MMP-9 level decreased during the febrile and toxic stages of dengue virus
infection.

Key Words: Dengue, Dengue hemorrhagic fever, MMP-9
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Abstract 3

Increased Level of Hepatocyte Growth Factor in Children with Dengue Virus

Infection

NIPASIRI VORAPHANI1, APIRADEE THEAMBOONLERS1, APICHAI
KHONGPHATTHANAYOTHIN', CHIRABAT SRISAI'?, YONG POOVORAWAN "

Department of Paediatrics, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand’, and
Hadyai Hospital, Songkhla, Thailand’

Abstract

Background: Evidence of hepatocellular damage is common in dengue-infected individuals.
Hepatocyte growth factor (HGF), a key cytokine responsible for liver regeneration, may play a
prognostic role in dengue virus infection.

Aim: To determine the relationship between serum HGF level and disease severity in patients
with dengue virus infection.

Methods: Serum samples from 27 children [17 dengue fever (DF), 10 dengue haemorrhagic fever
(DHF)] with serologically confirmed dengue virus infection during the febrile, toxic stages, and at
follow-up were analysed for HGF. Serum samples obtained from 9 healthy children served as the
control group.

Results: In dengue-infected patients, serum HGF was significantly higher at the febrile and toxic
stages than at follow-up (p<0.05). In comparison with DF, patients with DHF had a greater level
of HGF at the febrile stage (p<0.05). A cut-off HGF level of 1,220 pg/mL obtained during the
febrile stage showed a sensitivity of 90%, and a specificity of 53%, for predicting the clinical
progression to DHF (area under the ROC curve = 0.75).

Conclusion: Serum HGF level at the early stage of dengue virus infection is elevated and may
be a useful predictor for clinical progression to DHF.

Keyword: Hepatocyte growth factor, Children, Dengue, Dengue haemorrhagic fever
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Abstract 4

Capillary Lactate as a Potential Hemodynamic Monitoring Tool in Patients with

Dengue Virus Infection

Nawarat Rungteeranon*, Pentip Supachokechaiwattana**, Kanyalak Vithessonthi*, Vidhavas La-
orkhun*, Pornthep Lertsapcharoen*, Apichai Khongphatthanayothin*.
Departments of Paediatrics, Faculty of Medicine, Chulalongkorn University* and Sawanpracharak

Hospital**, Bangkok and Nakorn Sawan, Thailand.
Abstract

To study capillary lactate as hemodynamic monitoring tool in patients with dengue virus
infection, lactate was determined within 6 hours of defervescence and 12 hours thereafter in 27
patients (age 10.4+3.0 years). All patients with normal initial lactate (1.8+0.3 mmol/L, n=11)
received intravenous fluid of less than 650 mL/m2 in the next 12 hours and none had pleural
effusion >5% at convalescence. Among patients with high initial lactate (3.0£0.5 mmol/L, n=16), 5
(31%) had pleural effusion >5%, all of whom appeared to have relatively rapid decline of lactate.
The amount of fluid administration correlated to the rate of lactate decline (r=-0.42, p<0.05). We
conclude that patients with dengue virus infection with normal lactate at the initial hours after
defervescence generally have mild clinical presentation. In patients with high initial lactate,
subsequent follow-up level has the potential to identify the patients who received under- or over-
treatment and should be further studied.

Key words: Dengue, Dengue hemorrhagic fever, Lactate, Hemodynamic monitoring, Children
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Abstract 5

Relationship between portal blood flow and liver enzyme elevation in patients with

dengue virus infection: Is liver injury a result of hepatic hypoperfusion?

Apichai Khongphatthanayothin, Pasjutha Ratanasukol, Pentip Supachokechaiwattana, Kanyalak
Sethkrikul, Pornthep Lertsapcharoen.
Department of Pediatrics, Faculty of Medicine, Chulalongkorn University and King Chulalongkorn

Memorial Hospital, Bangkok, Thailand
Abstract

To find out if liver injury in patients with dengue virus infection is caused by ischemia
(ischemic hepatitis), we studied portal blood flow in 36 serologically-confirmed dengue virus
infection during the toxic stage. The patients’ age was 10.9+2.5 years and 13 had dengue fever,
10 dengue hemorrhagic fever and 13 dengue shock syndrome. Plotting of ultrasound-derived
portal blood flow against the level of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) demonstrate a “threshold effect” of portal venous blood flow to the
elevation of liver enzyme. All patients with significantly elevated AST and ALT (> 200 IU/mL) had
portal venous flow of less than 300 mL/min/mz. Some patients, however, was protected from liver
injury despite low portal venous blood flow. We concluded that liver injury in patients with dengue
virus infection could be partly explained by ischemia, with the possibility of other factors
contributing to the different degree of liver injury. Alteration of the splanchnic circulation may be
an important pathophysiologic process in patients with dengue virus infection.

Key Words: Dengue, Dengue hemorrhagic fever, Liver, Splanchnic circulation, Children
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Abstract 6

Correlation between echocardiographic derived hemodynamic variables and

capillary lactate during toxic stage of dengue hemorrhagic fever

Sarawut Pinta, Soravit Pongpittayut, Kanyalak Sethkrikul, Vithawas La-ookhun, Pornthep
Lertsapcharoen, Apichai Khongphatthanayothin.

Department of Pediatrics, Faculty of Medicine, Chulalongkorn University and King Chulalongkorn

Memorial Hospital, Bangkok, Thailand

Abstract

To find the usefulness of a single echocardiographic determination of the hemodynamic
status at the toxic stage for predicting the adequacy of the circulation in patients with dengue
virus infection, 20 patients (12 boys and 8 girls, mean age 11.0 + 2.9 years) were enrolled in this
study. Echocardiographic determinations of cardiac index and end-diastolic volume index were
performed within 6 hours of defervescence and data were correlated with 1) capillary lactate at
the time of echocardiogram, 2) capillary lactate 12 hours later, and 3) the change of capillary
lactate within the 12 hours. Twelve patients had dengue fever, 5 had dengue hemorrhagic fever
without shock and 3 had dengue shock syndrome. No correlation was found between the cardiac
index or end-diastolic volume index and lactate/change of lactate in this group of patient. It was
concluded that single determinations of cardiac index or end-diastolic volume index in patients
with dengue virus infection at toxic stage were not predictive of the lactate at that time nor the

change thereafter.
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Abstract 7

Reversed Direction of Portal Venous Blood Flow in a Patient with Dengue Virus
Infection and Fatal Liver Failure

Apichai Khongphatthanayothin, M.D., Atchara Mahayosnond, M.D., Yong

Poovorawan, M.D.

Abstract

We reported a 10-year old boy with dengue shock syndrome and fatal liver
failure. Ultrasonogram of the live and portal veins during toxic stage showed reversed
direction of portal blood flow. We postulated that hepatic sinusoidal obstruction of
portal blood flow may be the cause of liver failure in children with dengue hemorrhagic

fever.
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Executive Summary

Dengue virus infection is one of the most important emerging infectious diseases in
Thailand and the world[1, 2]. Vascular leakage, low cardiac output and shock develop in some
patients infected with dengue virus (dengue hemorrhagic fever, DHF) which may lead to
morbidity and mortality. The pathogenesis of shock in DHF is not entirely understood. Although
increased capillary permeability is believed to be the main etiology for shock, a recent study
failed to demonstrate difference of capillary permeability between patients with and without
shock[3]. Apart from increased capillary permeability, we recently demonstrated that splanchnic
venous pooling (measured by portal vein congestion index or PVCGI) during the toxic stage
was an important mechanism for low cardiac output and shock in DHF [4]. In this patient
cohort, PVCGI at toxic stage of > 0.065 had 86% sensitivity and 81% specificity in predicting
pleural effusion (leakage) at convalescent stage. Whether this splanchnic venous pooling
occurs earlier (in febrile stage) and if so, could it be used to predict which patient would
develop DHF (or vascular leakage) were not known.

Patients with dengue virus infection generally present with febrile illness which typically
lasts for 3-9 days. At the time of defervescence, some patients infected with dengue virus
develop vascular leakage (DHF) which is a more severe form of the disease compared to
dengue fever (DF). Up to now, vascular leakage in patients with dengue virus infection cannot
be predicted with certainty during the febrile period and its mechanism is still largely unknown.
Rising of hematocrit and decreasing platelet number are often used clinically to determine
which patient has DHF, but these findings are generally not seen until defervescence. The first
part of this study was done to determine if the circulatory indices of splanchnic vascular system
and/or changes of cytokines-vascular endothelial growth factor (VEGF) and hepatic growth
factor (HGF)-during the febrile stage could predict which patient would develop DHF as
opposed to DF. Studies of the systemic circulatory indices, various selected laboratory indices
were also undertaken either in the same or different patient cohort to evaluate the predictive

value of these variables for the diagnosis of DHF.
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The cause(s) of this splanchnic venous pooling is(are) not clear but one potential
explanation was that dengue virus infection of hepatic endothelial and Kupffer cells[5] caused
narrowing of hepatic sinusoid and back-pressure into the splanchnic circulation, similar to what
had been described as “sinusoidal obstruction syndrome or SOS” of the liver induced by certain
toxins or chemotherapeutic agents[6]. We postulate that, in DHF, sinusoidal obstruction occured
and shared the same mechanism as the early phase of SOS. Vasoconstrictors (such as
endothelin-1[6-8]) and protease (such as matrix metalloproteinase or MMP[9]) have been
implicated in the mechanism of SOS by causing sinusoidal constriction and injury to
extracellular matrix causing endothelial cell swelling and dislodgement from the basement
membrane[9, 10], respectively. The role of these agents in the pathogenesis of DHF has never
been previously studied. Because of technical difficulties in the study of endothelin-1, we
elected to study MMP-2 and MMP-9 during the febrile and toxic stage of patients with dengue
infection. Patients at King Chulalongkorn Memorial Hospital and Had-Yai Hospital were enrolled
for these studies.

Liver involvement in patients with dengue virus infection is well known. Liver enzyme
elevation was noted in 45-98% of patients with dengue virus infection[11, 12]. Liver failure due
to dengue virus infection is well documented in the literature[13] and dengue virus is the most
common cause of liver failure in Thai children in the current era[14].

The pathogenesis of liver involvement in DHF and DF is not well understood. Potential
explanation includes direct infection of hepatocyte[15], hypoperfusion of liver from shock, and
sinusoidal endothelial damage[16]. Because liver enzyme elevation tended to be more severe
in patients with higher severity of the iliness (i.e. in shock cases more than non-shock cases),
we hypothesized that hepatic hypoperfusion may be the etiology for liver injury in this disease.
The objective of this study was to correlate the degree of hepatic hypoperfusion with that of
liver injury. Because portal vein supplies the majority of hepatic blood flow and its ease of
measurement compared to hepatic arterial flow, we use portal blood flow as the surrogate for
hepatic perfusion. Liver enzymes (alanine aminotransferase, ALT and aspartate

aminotransferase, AST) were used to quantify the degree of livery injury.
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The most important treatment of DHF is intravenous fluid. Because of increased
vascular permeability, overly treated patients may develop fluid overload (such as pleural
effusion, pulmonary edema and ascites) as a result. Because clinical examination may be
unreliable to guide fluid management in some patients, such as in obese patients, other means
of monitoring fluid management in these patients with dengue shock syndrome is desirable.
Goal-directed therapy using invasive and non-invasive hemodynamic monitorings in conjunction
with clinical data has been shown to improve the outcome of treatment in other etiologies of
shock[17-20]. Although invasive monitoring such as the use of central venous catheter has
been recommended in the treatment of certain patients with dengue shock syndrome[21], its
used is not without complication due to low platelet count and coagulopathy in this disease. The
original idea for the part 2 of this study was to evaluate the value of cardiac ultrasound for
hemodynamic monitoring of children with DHF. But as the results of ultrasonographic
monitoring of hemodynamic data were not encouraging (see abstract 6, page 12,13 and text
page 87-96), we investigated the role of using blood lactate measurement by a hand-held
device for hemodynamic monitoring in patients with dengue virus infection. Lactate has been
evaluated and used to monitor the hemodynamic status in patients with bacterial sepsis and/or
septic shock[22, 23], but no such study was available for children with dengue virus infection or
DHF/DSS. Because of it ease of use and low cost, lactate measurement is more likely to be
used in the real clinical setting than echocardiography. The study of lactate for hemodynamic
monitoring was done from patient cohorts at King Chulalongkorn Memorial Hospital and
Sawanpracharak Hospital, Nakorn Sawan.

This project comprised 3 patients cohorts in which several observational and case-
control studies were performed to further understand the pathogenesis and treatment of dengue
virus infection and dengue hemorrhagic fever (DHF). Focus was especially made for the role of
hepatosplanchnic circulation and the liver in the pathogenesis of DHF. Non-invasive
hemodynamic monitoring using echocardiogram and blood lactate in patients with dengue virus

infection was also evaluated.

18



Objectives

1. To study the utility of using splanchnic circulatory indices, systemic circulatory indices,
cytokines (as described in objective 2), and selected laboratory indices as a predictor
for DHF/DSS (during febrile and toxic stage).

2. To study the association between the severity of dengue virus infection and selected
cytokines (vascular endothelial growth factor, VEGF and hepatocyte growth factor, HGF)
and pretease (MMP-2 and MMP-9).

3. To study the utility of using blood lactate as hemodynamic monitoring for low cardiac
output syndrome and shock in patients with dengue virus infection.

4. To study the relationship between ultrasonographic-derived portal vein blood flow and

liver enzyme elevation in patients with dengue virus infection

Methods
1. Subjects
Different cohorts of patients were enrolled as follow.
Cohort 1 (for objectives 1 and 4): 120 patients with serological or PCR-confirmed
dengue virus infection at King Chulalongkorn Memorial Hospital.
Cohort 2 (for objectives 2): 27 patients with serological or PCR-confirmed dengue virus
infection at Had-Yai Hospital.
Cohort 3 (for objectives 3): 27 patients with serological or PCR-confirmed dengue virus
infection at King Chulalongkorn Memorial Hospital and Sawanpracharak

Hospital, Nakorn Sawan.

2. Procedures
Cohort _1: Ultrasonography of the portal vein size, blood flow velocity and portal vein
congestion index (PVCGI) at febrile stage and toxic stage. Measurement of systemic
circulatory indices by echocardiogram (cohort 1). A convenient sample of blood

determination of ALT and AST were done in 36 patients in this group.
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Cohort 2: Blood collections for determination of cytokines, MMP, other selected laboratory
data and serologic tests for dengue virus infection during febrile, toxic stages and at follow-
up. Determinations of VEGF, HGF, MMP-2 and MMP-9 were be done by ELISA method at

Hepatitis Virus Research Laboratory, Faculty of Medicine, Chulalongkorn University.

Cohort 3: Determination of capillary lactate by a hand-held device (Acctrend lactate, Roache

Diagnostic, Germany) at febrile stage, toxic stage (within 6 hours) and 12 hours thereafter.

. Analysis:

Cohort 1 and 2 (objectives 1 and 2): Comparing splanchnic circulatory indices, systemic

circulatory indices, VEGF, MMP-2, MMP-9, HGF and other selected laboratory data at febrile
stage and toxic stages between patients with DF and DHF. If significant difference was
found in any variable between patients with DF and DHF, a receiver operative characteristic
(ROC) curve for that particular variable as a predictor for DHF was then constructed and its

cut-off value, sensitivity and specificity were then determined.

Cohort 3 (for objective 3): Analysis of the patient outcome based on the level of lactate

determined just after defervescence (early into the toxic stage). Analyze the relationships
between the change of lactate level and the amount of intravenous fluid resuscitation and

pleural effusion index after the treatment (at convalescent stage)

Cohort 1 (for objective 4): In 36 patients in whom ALT and AST data were available,

untrasonographic-derived portal vein blood flow was plotted against the ALT and AST.

. Clinical management of the patients

Diagnosis and grading of DF/DHF were done according to the criteria published by the
World Health Organization (WHO)[21]. ELISA test for dengue virus infection was done at the
Arm Force Research Institute of Medical Sciences (AFRIMS). Diagnosis of DHF require at
least 1 evidence of capillary leakage (rising of hematocrit > 20% or presence of pleural

effusion and/or ascites). DSS was diagnosed when the patient with DHF had clinical findings
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of shock as: 1) hypotension for age and cold clammy skin or restlessness or 2) narrow
pulse pressure (<= 20 mmHg.) and rapid and weak pulse[21]. Ultrasonographic study of the
right pleural cavity was used to detect the presence of pleural effusion during the
convalescent stage in all cases. The classification of the patient’s clinical severity was done
by the agreement of two physicians  who  were blinded to the
ultrasonographic/echocardiographic and/or lactate data. Treatments including fluid
administration of all patients were given by house staff and attending staff of our department

according WHO guideline[21].

5. Ethic committee approval
The study was approved by the Ethic Committee of the Faculty of Medicine,
Chulalongkorn University and other participating centers. Written informed consent was

obtained from each subject and/or appropriate guardian prior to enrollment.

Results

1. Patients demographic data

Cohort 1 consisted of 120 patients with serologically or PCR-proven dengue virus infection
from King Chulalongkorn Memorial Hospital. Ultrasonographic assessment of splanchnic
circulatory system could be done in 57 patients at toxic stage and 22 patients during the
febrile stage. Various variables of the systemic circulatory system and selected
laboratory data were obtained in some patients (Table 2). The demographic and clinical

data of these patients are summarized in Table 1-1 as follow:

Table 1-1: Demographic and clinical data of 120 patients enrolled.

DF (n = 59) DHF (n = 44) DSS (n = 27) p-value
Age (years) 99 +27 114 +£28 10.4+3.0 10.05
Sex (M/F) 25/24 27117 15/12 NS
Weight (Kg) 31.7 £14.0 399 + 16.6 37.1+13.9 1 0.05
Maximal Hematocrit (%) 40.3+£ 3.6 451+ 3.9 475+ 5.0 +0.001
Lowest Platelet (x109/L) 89.8 £ 40.6 43.3 £ 27.7 31.6+214 1 0.001

NS = not significant
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Cohort 2 consisted of 27 patients with with serologically or PCR-proven dengue virus infection
from Had-Yai Hospital. The demographic and clinical data are summarized in Table 1-2 as

follow:

Table 1-2: Demographic and clinical data of 27 patients enrolled for cytokines/MMP study.

DF (n = 17) DHF+DSS (n = 10) p-value
Age (years) 9.7 £24 99+ 28 NS
Sex (M/F) 9/8 9 NS
Body temperature max (C) 396 £1.0 39.7£0.5 NS
Maximal Hematocrit (%) 41.0+ 3.9 455+ 4.0 < 0.01
Lowest Platelet (x109/L) 86 + 40 74 £ 70 NS

NS = not significant

Cohort 3 consisted of 27 patients with with serologically or PCR-proven dengue virus infection
from Chulalongkorn and Sawanpracharak Hospitals. The demographic and clinical data are as

summarized in Table 1-3 as follow:

Table1-3: The demographic and clinical data of 27 patients enrolled for lactate study.

DF ;dengue fever, DHF ;dengue hemorrhagic fever, Hct ;hematocrit, Plt; platelet number, PEI; pleural effusion index

DF (n =12) DHF (n=11) DSS (n=4) p-value

Sex (M:F) 9:3 4:7 4:0 0.04
Age (yr) 11.4+3.1 9.6+2.8 9.7+3.1 0.38
Body weight (Kg) 46.8+19.0 33.1+15.2 39.349.0 0.16
Duration of fever (days) 5.0+0.6 4.740.9 4.8+1.0 0.69
Maximum Hct (%) 41.2+2.7 45.4+3.1 45.0+ 4.7 0.01
Lowest Pit (x10 /mm’) 61.8+22.9 49.3+26.7 61.3+33.4 0.49
PEI (mm) 0 7.1+9.8 7.5+10.7 0.06
Lactate level during toxic 2.2+0.6 2.6+0.6 3.2+0.6 0.03
stage
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2. The differences of each variables between patients with dengue fever (DF) and dengue
hemorrhagic fever (DHF) are shown in Table 2 (page 28)

For those variables that demonstrated significant differences, an ROC curve was
constructed to determine the area under the ROC curve and cutoff with sensitivity and
specificity to differentiate patients with DF from DHF (Table 2, page 28). The variables that
showed significant difference during the toxic stage are printed in blue and those variables that
showed difference during the febrile stage are printed in red. Particular attention was made to
those variables that showed difference during the febrile stage because these variables had the
potential to be an early marker for DHF and may shed light into the early pathophysiologic
process/mechanism that make certain patients infected with dengue virus progressed to DHF
rather than DF. The variables that showed early changes during the febrile stage in patient with
DHF compared to DF were hepatocyte growth factor (HGF) and prothrombin time (PT), with
ALT showed a trend toward significance (p = 0.07).

3. The value of lactate in the monitoring of patients with dengue virus infection:
The results are summarized in the abstract below:

To study capillary lactate as hemodynamic monitoring tool in patients with dengue virus
infection, lactate was determined within 6 hours of defervescence and 12 hours thereafter in 27
patients (age 10.4+3.0 years). All patients with normal initial lactate (1.8+0.3 mmol/L, n=11)
received intravenous fluid of less than 650 mL/m2 in the next 12 hours and none had pleural
effusion >5% at convalescence. Among patients with high initial lactate (3.0£0.5 mmol/L, n=16),
5 (31%) had pleural effusion >5%, all of whom appeared to have relatively rapid decline of
lactate. The amount of fluid administration correlated to the rate of lactate decline (r=-0.42,
p<0.05). We conclude that patients with dengue virus infection with normal lactate at the initial
hours after defervescence generally have mild clinical presentation. In patients with high initial
lactate, subsequent follow-up level has the potential to identify the patients who received under-

or over-treatment and should be further studied.

4. The relationship between portal vein blood flow and the level of ALT and AST during
the toxic stage are showed in Figure 1 (page 24).

From Figure 1, there appears to be some relationship between portal blood flow and

liver injury as all patients with significant elevation of ALT (> 200 IU/L) had portal blood flow of

less than 300 mL/min/m".
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Figure 1: Scatterplot demonstrating the relationship between portal blood flow (X axis) and liver

enzyme (Y axis: ALT, top; and AST, bottom) in patients with dengue virus infection.
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Conclusions

1.

Although there were marked changes in the splanchnic circulatory system in patients
with DHF (especially shock cases) compared to DF during the toxic stage, these
changes were minimal or not significant during the febrile stage. These results do not
support the use of ultrasonographic study of the splanchnic venous system to early
predict which patients would develop DHF. Rather than the original process that led to
DHF, the changes of splanchnic circulatory system were likely to be the component of
DHF in itself and may be the reasons for many of the clinical presentations seen in this
disease, such as abdominal distension, hepatomegaly, various gastrointestinal
complaints such as abdominal pain and vomiting, etc.

The variables obtained during the febrile stage that we found were significantly different
between patients with DF and DHF were HGF, PT and possibly ALT. All these 3
variables are related to the pathology of the liver. These findings brought along further
questions whether changes in the liver might play a significant role in the
pathophysiologic of DHF (as oppose to DF) in patients with dengue virus infection. Apart
from using these variables (such as HGF) as an early predictor for DHF, further studies
were suggested to find out the role of the liver in the pathogenesis of DHF.

Monitoring lactate may be of value in patients with dengue virus infection as normal
value obtained when the fever subsided would make it unlikely that the patient would
need a large amount of intravenous fluid resuscitation or had a severe disease. These
patients may be more likely to be patients with DF and may not need extensive
monitoring as compared to patients with elevated blood lactate. Health care personnel
with less experience may find the test useful to triage the patients, especially in rural
area when there is a large outbreak and there is over-capacity of hospital bed and/or
medical personnel. However, these data are preliminary and further studies are needed
to confirm these findings and to define the most appropriate target for abnormal and/or
acceptable lactate level and acceptable rate to lactate normalization to avoid both under-

and overtreatment in this disease.

From Figure 1, it can be seen that all patients with significant elevation of ALT (> 200
IU/L) had portal blood flow of less than 300 mL/min/mz. Low portal blood flow may be an
important contribution for liver injury in DHF, however, not all patients with “low” portal
blood flow had elevation of AST and/or ALT. This can be explained by dual sources of

blood supply common to hepatic physiology. Hepatic arterial supply may prevent liver
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from ischemic insult in many patients with low portal blood flow. There could also be
other factors contributing to various degree of hepatic tolerance to ischemic insults
among different patients, such as the degree of hepatic congestion, degree of direct viral

injury, the length of hypoperfusion and adequacy of fluid resuscitation, etc.
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Table 2: The differences of various variables between patients with dengue fever (DF) and dengue hemorrhagic fever (DHF)

(Febrile stage)

Variables Unit of Cohort N Data Area Remarks
measurement under
DF DHF p ROC
curve
- Hematocrit max % 1 117 40.5+3.7 46.0 £ 4.5 <0.001 | 0.83 | Cutoff>44.2
_fgv (Any stage) sense 62%, spec 83%
§ Lowest Platelet X 1000 mm* 1 107 88.3+41.2 38.9+26.1 <0.001 | 0.87 | Cutoff <41,000
v (Any stage) sense 65%, spec 93%
Portal vein size (indexed) mm 1 21 51+7.7 55+1.1 NS (0.67)
@ (Febrile stage)
% Portal vein size (indexed) mm 1 56 5.3+0.9 6.2+0.9 0.001 0.75 | Cutoff >5.45
£ (Toxic stage) sense 82%, spec 65%
E Portal vein flow velocity cm/sec 1 22 20.7+3.0 209+5.4 NS
:g (Febrile stage)
2 Portal vein flow velocity cm/sec 1 57 19.7+4.8 13.6+4.4 <0.001 | 0.85 | Cutoff<14.10
; (Toxic stage) sense 60%, spec 95%
'§ PV Congestion Index cm-sec 1 20 0.028 £0.012 0.039 £ 0.022 NS (0.68)
‘_g_ (Febrile stage)
» PV Congestion Index cm-sec 1 53 0.036 £ 0.016 0.076 £ 0.048 <0.001 | 0.85 | Cutoff>0.058
(Toxic stage) sense 66%, spec 91%
IVC size (indexed) mm 1 19 7.0+14 7.4+1.8 NS
o 2| (Febrile stage)
'g % IVC size (indexed) mm 1 58 7.0+21 6.7+2.2 NS
§. § (Toxic stage)
9 G | LV end-diastolic volume mL/m?2 1 28 50.9+11.8 53.1+10.3 NS
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(Febrile stage)

LV end-diastolic volume mL/m?2 92 55.3+12.8 443 +12.6 <0.001 0.71
(Toxic stage)
LV ejection fraction % 28 56.6+10.4 63.3+6.5 0.05 0.69
(Febrile stage)
LV ejection fraction % 91 59.7+7.4 56.3+£9.2 NS
(Toxic stage)
Heart rate /min 28 96.0 £ 18.6 89.2+7.6 NS
(febrile stage)
Heart rate /min 91 82.9+14.9 89.9+17.8 NS
(Toxic stage)
Cardiac index L/min/m2 28 2.77 £1.05 2.98 +0.61 NS
(Febrile stage)
Cardiac index L/min/m2 91 2.71+0.84 2.18+£0.70 0.002 0.69
(Toxic stage)
ICAM-1%* ng/mL 16 412.0+79.1 404.2 + 105.5 NS
(Febrile stage)
ICAM-1* ng/mL 26 444.1 +£158.0 465.1 £ 154.6 NS
(Toxic stage)
SE-Selectin* ng/mL 16 71.1£30.2 85.0+35.3 NS
@ (Febrile stage)
.5 SE-Selectin* ng/mL 26 64.1+25.7 78.8+39.9 NS
g_ (Toxic stage)
i VEGF (plasma) pg/mL 6 58.7 +58.9 39.8+8.3 NS
(Febrile stage)
VEGF (plasma) pg/mL 21 60.6 + 49.7 41.5+27.2 NS
(Toxic stage)
MMP-2 ng/mL 26 306.8 £102.3 297.3+96.5 NS
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(Febrile stage)

MMP-2 ng/mL 2 27 Data out of range | Data out of range N/A
(Toxic stage)
MMP-9 ng/mL 2 26 306.8 +102.3 297.31+96.5 NS
(Febrile stage)
MMP-9 ng/mL 2 27 373.9+516.9 400.6 £ 89.7 NS
(Toxic stage)
HGF pg/mL 2 27 1223.9+516.9 1816.5+827.1 0.03 0.73 | Cutoff>1627
(Febrile stage) Sense 60%, spec 88%
HGF pg/mL 2 27 1170 £ 544.5 1355 +282.0 NS
(Toxic stage)
PT** seconds 1** 28 13.5+0.9 15.1+1.8 0.007 0.79 | Cutoff>14.35
(Febrile stage) sense 60%, spec 85%
PT** seconds 1** 34 12.7 0.8 14.2 £2.5 0.03 0.74
(Toxic stage)
" PTT** seconds 1** 28 46.2 £7.1 47.8 £10.9 NS
8 (Febrile stage)
1_53 PTT** seconds 1** 34 42.4+6.9 54.5+11.7 0.001 0.83 | Cutoff >53.1
g’ (Toxic stage) sense 61%, spec 94%
© ALT IU/mL 1 26 34.3+30.8 99.2 +115.2 NS 0.74 | Cutoff>93.5
3 (Febrile stage) (0.07) sense 31%, spec 92%
g ALT IU/mL 1 57 65.9 £68.6 123.0+123.5 0.03 0.67
g (Toxic stage)
% AST IU/mL 1 26 100.6 £ 81.5 181.8£219.8 NS
«» (Febrile stage)
AST IU/mL 1 57 123.7+94.6 214.4 +218.7 0.043 0.67
(Toxic stage)
Albumin g/dL 1 26 4.0+0.3 4.1+0.2 NS
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(Toxic stage)

Albumin g/dL 57 3.8+0.5 34+0.6 0.02 0.67
(Toxic stage)

Urinary protein/creatinine ratio N/A N/A N/A N/A

(Febrile stage)

Urinary protein/creatinine ratio 29 0.33+0.26 0.56 £ 0.59 NS

DF = dengue fever, DHF = dengue hemorrhagic fever, NS = non-significant, sense = sensitivity, spec = specificity

* = data from Khongphatthanayothin A, et al. Jpn J Infect Dis 2006;59:186-8.

** = courtesy data from Dr. Darin Sosothikul, Dept of Pediatrics, Faculty of Medicine, Chulalongkorn University
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Abstract

Increased vascular permeability is the main aetiology for hypovolemic shock and
circulatory failure in dengue haemorrhagic fever (DHF). In this study, we investigated the role of
vascular endothelial growth factor (VEGF) in the pathogenesis of DHF. Serum samples from 41
patients (15 dengue fever [DF], 26 DHF) with serologically confirmed dengue virus infection
during febrile, toxic, convalescent stages and at follow-up were analyzed for VEGF. Plasma
samples from additional 27 children (16 DF and 11 DHF) during febrile, toxic stages and at 4-
weeks follow-up visit and 8 healthy controls were analyzed for VEGF. Serum and plasma VEGF
levels were not elevated during febrile or toxic stages of dengue virus infection and were not
different between patients with DF and DHF. We concluded that plasma leakage in patients
with DHF cannot be explained by elevation of VEGF level during the toxic stage of the illness.
Key words: Dengue, Dengue haemorrhagic fever, Dengue shock syndrome, Vascular

endothelial growth factor, Vascular leakage

34



Introduction

Dengue haemorrhagic fever is one of the most important infectious diseases in Thailand
and other tropical regions of the world. Most infected patients are asymptomatic. In those who
have symptoms, their presentations are classified into 3 groups; undifferentiated fever (UF),
dengue fever (DF), and dengue haemorrhagic fever (DHF). Dengue shock syndrome (DSS) is a
severe complication of dengue haemorrhagic fever, characterized by massive increase in
vascular permeability leading to hypovolemic shock and circulatory failure. Evidences of
vascular leakage are hemoconcentration, ascites, pleural effusion, hypoalbuminemia and low
central venous pressure (CVP). The pathogenesis of vascular leakage in this disease is still not
clearly understood. Releases of cytokines and chemokines from monocytes and macrophages
which target the endothelium are believed to play a key role in the pathogenesis of vascular

1,2
leakage.

Vascular endothelial growth factor (VEGF), originally named vascular permeability factor,
is a homodimeric heparin-binding glycoprotein with potent angiogenic, endothelial-cell-specific
mitogenic and vascular permeability-enhancing activities. Several studies showed that VEGF
played a pathogenic role in capillary hyperpermeability that characterized ovarian
hyperstimulation syndromes's, preeclampsia6 ,cirrhosis with spontaneous bacterial peritonitis
(SBP)7 and postoperative capillary leak syndrome in children undergoing cardiopulmonary
bypass.B These findings prompted us to determine the possible role of VEGF in the
pathogenesis of DHF/DSS in children in addition to the 2 recent studies that looked into this

. 9,10
ISsue.

Materials and Methods

1. Subjects

Between the years 2003-2005, 41 patients aged 5-15 years who were admitted at King
Chulalongkorn Memorial Hospital with suspected dengue viral infection during the febrile stage
were enrolled in this study. After informed consent was given, blood samples were collected at
4 stages: febrile stage (first day of enrolment), toxic stage (the day of defervescence),
convalescent stage (discharged date) and recovery stage (at follow-up, approximately 4-6
weeks after the onset of fever) for determination of serum VEGF levels. The patients’ ilinesses
were classified as DF or DHF according to the criteria published by the World Health

Organization.1 Patients with no serologic confirmation of dengue virus infection were excluded.
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To exclude the possible effect of platelets count on serum VEGF levels, plasma
samples were additionally collected from other 27 patients who were admitted at Had Yai
Hospital with serologically-confirmed dengue viral infection during the years 2005-2006 for
determination of the plasma VEGF level at febrile stage, toxic stage and at follow-up. Plasma
samples were also obtained form 8 healthy children (age 8-14 years) as the control group for
plasma VEGF determination.

The study on both periods was approved by the Ethic Committee of the Faculty of
Medicine, Chulalongkorn University. Written informed consent was obtained from each subject

and/or appropriate guardian prior to enrolment.

Serological confirmations of dengue viral infection were done at The Arm Force Research
Institute of Medical Sciences (AFRIMS, Bangkok, Thailand) by Enzyme-Linked Immuno-Sorbent
Assay (ELISA).

2. Measurements of VEGF

Three millilitres of blood sample (using EDTA as anticoagulant for plasma samples) was
collected and centrifuged at approximately 1000 G. The plasma/serum was then removed and
stored at < -70°C for subsequent analysis.

Plasma and serum VEGF levels were measured by solid-phase ELISA (Quantikine R&D
Systems, Minneapolis, MN, USA), designed to measure VEGF165 levels in cell culture

supernatant, serum and plasma.

3. Data collection and analysis

The data were analyzed using SPSS for Windows (version 14) software. Continuous
variables with normal distribution were expressed as mean (standard deviation[SD]) and were
compared using one-way analysis of variance (ANOVA). Categorical variables were compared
by chi-square test or Fisher exact test as appropriate. Because distribution of VEGF level and
platelet count did not follow normal distribution, comparisons of these variables among DF and
DHF and during the course of the disease were done by non-parametric methods (Kruskal-

Wallis or Mann-Whitney U tests). The p value of < .05 was considered significant.

Results

1. Demographic data
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Forty-one patients (16 females and 25 males) were enrolled for serum VEGF determination.
The mean age was 11.1(3.1) years. There were 15 children with DF and 26 with DHF (14 had
DHF without shock and 12 with DSS).

Among the 27 patients who were enrolled for plasma VEGF determination, there were 8
females and 19 males. Mean age was 9.8(2.5) years. Sixteen children had DF and 11 had DHF
(10 without shock and 1 with shock). Eight healthy children (mean age = 8.75(1.63) years)
serve as the control group.

The demographic data of all patients are shown in Table 1. There was no significant
difference in age, sex or day of fever between patients with DF and DHF, both in serum and

plasma groups.

2. Difference of serum and plasma VEGF Levels between patients with DF versus DHF.

Serum levels of VEGF in patients with DF, DHF and DSS during different stages of dengue
virus infection are shown in Figure 1. A trend toward lower VEGF level in patients with higher
severity of dengue virus infection was observed during febrile, toxic and convalescent stages

but not at follow-up.

Plasma levels of VEGF in patients with DF, DHF and control group during febrile, toxic and
recovery stages of the disease are shown in Figure 2. Similar to serum VEGF, plasma VEGF
levels were lower in patients with DHF compared to DF at febrile and toxic stage. The
difference between plasma VEGF in patients with DHF and DF was statistically significant at
toxic stage [30.21 (inter-quartile range 27.99-34.79) versus 40.61 (inter-quartile range 32.17-
51.87) pg/mL in DHF and DF, respectively, p=0.019]. There was no significant difference of

plasma VEGF levels between the DHF and DF patients at febrile stage or follow-up.

3. Changes of serum and plasma VEGF levels during the course of dengue virus infection

Figure 3 demonstrated serial changes of serum and plasma VEGF during each stage of
dengue virus infection. There were significant changes of serum VEGF (p<0.001) and plasma
VEGF (p = 0.045) during different stages of the disease. Post-hoc analysis showed that there
was no difference in serum or plasma VEGF level between febrile and toxic stages, but both
serum and plasma VEGF were higher during recovery (at follow-up) compared to toxic stage

(p<0.05).

Discussion
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Vascular leakage and endothelial dysfunction are widely believed to be the main
1,11

pathophysiologic processes of DHF. Up to now, there are scanty data about the role of
VEGF in the pathogenesis of vascular leakage in DHF. At first, we hypothesized that VEGF
might have played a role in vascular leakage in DHF/DSS as one of its properties was

enhancing the vascular permeability.

The original research idea assumed that the serum VEGF levels at follow-up could be used
as normal controls but the value (mean 486 pg/mL, median 352 pg/mL) appeared to be higher
than normal value reported in other studies. There were several studies reported normal serum
VEGEF values in children. In 2004, te Loo DM, et al. reported the mean value of serum VEGF
as 290(130) pg/mL in 39 normal control children (age 2.9(1.7) years),12 and in 2005, Ootaki Y,
et al. reported the mean value as 203(221.6) pg/mL in 61 normal control children (age 6.0(3.4)
years) compared to those with congenital cyanotic heart disease.”’ Because of lack of normal
control and the possibility of lower platelet count causing a spuriously low serum VEGF level in

patients with DHF and DSS

74’75, we additionally collected plasma samples for determination of

VEGF in patients with dengue virus infection and the normal control group.

In this study, serial determination of serum and plasma VEGF levels demonstrated no
elevation of VEGF during febrile or toxic stages in patients with dengue virus infection and the
levels in DHF patients were not higher than the level in DF patients. In contrary to our original
hypothesis, both plasma and serum VEGF appeared to be lower in patients with higher severity
of dengue virus infection. Our results were different from the study by Tseng, et al. that
reported higher plasma VEGF levels in adult patients with DHF compared to DF and the control
group.9 In another study, Srikiatkhachorn A, et al observed a rise in the free, but not total VEGF
in plasma of DHF patients along with a decline in the soluble form of VEGF receptor 2
(sVEGFR2) at the time of plasma leakage, followed by a decline in VEGF at 4-6-day follow-up
with a rise of sSVEGFR2. They concluded that VEGF regulated vascular permeability and its
activity was controlled by binding to sVEGFR2.1O If VEGF is indeed the cause of increased
vascular permeability in dengue haemorrhagic fever, there are two possible reasons for the low
plasma VEGF in our study. First, because of its small size (molecular weight 34-42 kDa, which
is much smaller than 66 kDa of albumin), plasma VEGF may be spuriously low because of its
leakage out of intravascular compartment. Second, because the bound form of VEGF could not
be detected by ELISA, incremental binding of VEGF to its receptor during the toxic stage may

result in the low plasma level.
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During the follow-up period, serum VEGF levels appeared to be increased. The reason for
this observation is not clear although one could suspect that VEGF might play a role in the

recovery phase of dengue infection. Further study is needed to confirm this finding.
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Table1. Demographic and clinical data

Serum group

Plasma group

DF DHF p- DF DHF p-

value value
Sex (M:F) 8.7 17:9 517 9:7 10:1 .090
Age (year) 10.5(3.3) 11.5(3.1) .393 9.5(2.3) 10.2(2.8) 495
Duration of fever 5.1(1.2) 5.0(0.8) .928 4.0(1.1) 3.8(1.1) .673
(days)
Maximum Hct (%) 40.2(3.9) 45.2(4.9) .001 41(3) 46.0(4.1) .001
Lowest platelet 94.5 35 .004 825 59 110
count (x103/mm3) *

(IQR 72.5- | (IQR 29- (IQR 59.5- | (IQR 32-
101.5) 60) 102.8) 73)

DF = dengue fever, DHF = dengue haemorrhagic fever, Hct = Haematocrit, IQR = inter-quartile

range.

* Data were presented as median (inter-quartile range)
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Figure 1. The difference of serum VEGF levels between groups (DF, DHF, DSS) during

each stage of dengue virus infection (the horizontal lines represent the median VEGF

value for each group).
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Figure 2. The difference of plasma VEGF levels between groups (DF, DHF, Control) during

each stage of dengue virus infection (the horizontal line represents the median VEGF

value).
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Figure 3. Serum VEGF (top) and plasma VEGF (bottom) levels during the course of dengue

virus infection. The horizontal lines represent the median value for each

group.
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Summary

The purpose of this study was to investigate the role of MMP-9 in the pathogenesis of
vascular leakage in patients with dengue virus infection. Serum samples from 24 children with
serologically confirmed dengue virus infection [dengue fever (DF) = 16, dengue hemorrhagic
fever (DHF) = 8, age 9.5+ 2.4 years, 67% male] during the febrile, toxic stages, and at follow-
up were analyzed for MMP-9. Serum samples obtained from 7 healthy children served as the
control group. In patients with dengue virus infection, serum MMP-9 was lower at the febrile
(227.0 £ 186.9 ng/ml) and toxic stages (150.9 + 151.7) compared to at follow-up (424.5 + 227.8
ng/ml) and the control group (393.3 £ 125.9 ng/ml, p < 0.001 by one-way ANOVA). There was
no significant difference between MMP-9 levels in patients with DHF and those with DF at all
stages of the disease. In conclusion, vascular leakage in patients with DHF cannot be
explained by elevation of MMP-9 level.

Key Words: Dengue, Dengue hemorrhagic fever, MMP-1
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Dengue hemorrhagic fever (DHF) is one of the most important emerging infectious
diseases in Thailand and the world (1, 2). Plasma leakage, evidenced by hemoconcentration,
ascites, or pleural effusion, is the major pathophysiological hallmark that determines disease
severity and distinguishes DHF from dengue fever (DF) (3). Matrix metalloproteinase-9 (MMP-9)
is an endopeptidase, which is involved in the degradation of extracellular matrix, tissue
remodeling, endothelial injury, and angiogenesis (4). MMP-9 has been demonstrated to be
implicated in the development of several vascular conditions and diseases (5-7). However, its
significance in patients with dengue virus infection has never been studied. We hypothesized
that MMP-9 may play a crucial role in the mechanism of plasma leakage in DHF by causing
injury to extracellular matrix, resulting in endothelial cell swelling and detachment from the
basement membrane. The objective of this study was to determine the level of MMP-9 in
children with dengue virus infection.

Blood samples at the febrile, toxic stages, and at follow-up (FU, at least 1 week after
defervescence) in 24 patients (age 9.5 + 2.4 years, male/female = 18/8, DF = 16 and DHF = 8)
were collected. Serum MMP-9 level was determined by a commercially available ELISA kit
(Quantikine R&D Systems, Minneapolis, MN, USA). All patients had serological or polymerase
chain reaction confirmation of dengue virus infection. Diagnosis and grading of DHF was done
according to the criteria published by the World Health Organization (WHO) (3). The research
protocol was approved by the Ethics Committee of the Faculty of Medicine, Chulalongkorn
University. Written informed consent was obtained from an appropriate guardian and/or the
patient prior to enroliment.

A total of 61 serum samples were analyzed for MMP-9 levels. Seven healthy children
served as normal controls. Demographic and clinical data of all subjects are summarized in
Table 1.

Table 1: Demographic and clinical data of 24 patients enrolled.

DF (n = 16) DHF (n = 8) p-value
Age (years) 94 +£23 98+ 2.6 NS
Sex (M/F) 8/8 8/0 <0.05
Body temperature max (OC) 396 +1.1 39.7+£0.5 NS
Maximal Hematocrit (%) 40.4 + 3.1 46.3+34 < 0.01
Lowest Platelet (x10°/mm’) 88 + 40 81+ 76 NS

DF = dengue fever, DHF = dengue hemorrhagic fever, NS = not significant
Serum MMP-9 levels in patients with dengue virus infection (DF+DHF) during different

stages of the disease and in controls are shown in Figure 1. Serum MMP-9 was significantly
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different when comparing between the 3 stages of the disease (p<0.001 by one-way of
variance). Post-hoc analysis showed that the MMP-9 level was significantly lower in patients
with dengue virus infection at the febrile and toxic stages compared to at follow-up (FU) and the
level in the control group (227.0 £ 186.9 for febrile stage and 150.9 + 151.7 for toxic stage vs.
424.5 + 227.8 ng/ml for FU and 393.3 + 125.9 ng/ml for the control group, p < 0.05 for febrile
vs. FU, toxic vs. FU and toxic vs. control). Figure 2 shows the difference between MMP-9 levels
in patients with DF and DHF at different stages of the disease. Serum MMP-9 appeared to be
lower in DHF patients compared to DF patients but these results were not statistically
significant.

Recent in-vitro and mouse experiments have revealed the importance of MMPs in
dengue virus infection-induced vascular leakage. Luplerdlop N, et al found that dengue virus-
infected immature dendritic cells overproduced MMP-9 in a virus-dose dependent manner (8).
The increase of this protein led to enhancement of vascular permeability, which could be
reduced by specific inhibitors. Moreover, the elevated level of tissue inhibitors of
metalloproteinases (TIMP)-1, the natural inhibitor of MMP-9, was demonstrated (8). In another
study, dengue virus infection of primary human endothelial cells powerfully increased MMP-2
production, and to a lesser extent, of MMP-9 (9). Overproduction of MMP-9 was thought to be
the potential explanation of endothelial injury and vascular leakage in children with DHF.

Contrary to the original hypothesis, our study demonstrated that MMP-9 level was not

elevated during febrile or toxic stages of dengue virus infection. These data do not support
the role of MMP-9 in the pathogenesis of the illness caused by dengue virus. The cause of
lower MMP-9 in patients with dengue virus infection at the toxic stage, especially in DHF, is
unclear. There are two possible reasons to explain this finding. First, there may be a rapid
increase in the inhibitors of MMPs, such as TIMPs and Ol,-macroglobulin in serum of dengue-
infected patients as an attempt of the body to restore the physiological process as shown in
the in-vitro study. Second, with its molecular weight just slightly higher than albumin (92 kDa
compared to 66 kDa), MMP-9 level may be lower during the toxic stage because of its
leakage into the interstitial space. Further studies are warranted to explain the cause of lower
MMP-9 in-vivo and the potential role of its inhibitors in the pathophysiologic process of

dengue virus infection.
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Figure 1: MMP-9 level in children with dengue infection during different stages of the

illness (p<0.001 by one-way analysis of varience). FU = follow-up.
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ABSTRACT

Background: Evidence of hepatocellular damage is common in dengue-infected individuals.
Hepatocyte growth factor (HGF), a key cytokine responsible for liver regeneration, may play a
prognostic role in dengue virus infection.

Aim: To determine the relationship between serum HGF level and disease severity in patients
with dengue virus infection.

Methods: Serum samples from 27 children [17 dengue fever (DF), 10 dengue haemorrhagic
fever (DHF)] with serologically confirmed dengue virus infection during the febrile, toxic stages,
and at follow-up were analysed for HGF. Serum samples obtained from 9 healthy children
served as the control group.

Results: In dengue-infected patients, serum HGF was significantly higher at the febrile and
toxic stages than at follow-up (p<0.05). In comparison with DF, patients with DHF had a greater
level of HGF at the febrile stage (p<0.05). A cut-off HGF level of 1,220 pg/mL obtained during
the febrile stage showed a sensitivity of 90%, and a specificity of 53%, for predicting the clinical
progression to DHF (area under the ROC curve = 0.75).

Conclusion: Serum HGF level at the early stage of dengue virus infection is elevated and may

be a useful predictor for clinical progression to DHF.
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Introduction

Dengue virus infection is emerging as a major public health problem, principally in
tropical countries, and expanding globally with an estimated annual incidence of 50 to 100
million cases. The clinical spectrum of dengue infection ranges from asymptomatic to dengue
fever (DF), dengue haemorrhagic fever (DHF), and a severe, potentially fatal form called
dengue shock syndrome (DSS).1 The liver is one of the major target organs of dengue virus
and hepatocellular damage can occur in varying degrees during the course of the disease.z' ’

Hepatic dysfunction is common in dengue-infected individuals, including painful
hepatomegaly and increased levels of the hepatic enzymes, aspartate transaminase (AST) and
alanine transaminase (ALT). The elevation of liver enzymes, predominantly AST, is significantly
greater in patients with DHF and DSS than DF, suggesting that the magnitude of liver injury is
associated with disease severity.2 Generally, the increase in transaminase level is mild to
moderate, reaching maximum values around the ninth day after the onset of fever and
gradually normalising thereafter within a few weeks.3 Although the extent of liver involvement
in patients with dengue virus infection is usually mild, fulminant hepatitis and liver failure as
further complications of severe DHF/DSS have also been described, mainly in children and
young adults, and are associated with a poor prognosis.4' °

The exact pathogenic mechanism of hepatocellular injury during dengue virus infection
is not fully understood. It could be the direct effect of virus on liver cells or the result of a
dysregulated immune response to the virus.6 Histopathological findings of fatal cases revealed
centrilobular necrosis, microvesicular steatosis, Kupffer cell hyperplasia, mononuclear cell
infiltration in the portal tract, and Councilman bodies, indicating an apoptotic process.7' ° A
range of proinflammatory, and immunoregulatory cytokines as well as various chemokines have
been studied in the pathogenesis of dengue virus infection.

Hepatocyte growth factor (HGF) is a pleiotropic cytokine, which has been recognised as
the most potent mitogen for mature hepatocytes. This cytokine plays an essential role in liver
regeneration after injury.9 Increase in serum HGF has been observed in various liver
diseases, such as alcoholic hepatitis, fulminant hepatic failure, and hepatocellular carcinoma.m'
° In addition, it may serve as a predictor for disease severity and outcome. Although hepatic
damage in dengue infection has been frequently described, the role of HGF in this illness has
never been studied. Hence, this project was designed to determine the relationship between
serum HGF level and disease severity in children hospitalised with dengue infection in

Thailand.
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Materials and Methods
Study patients

From January 2005 to December 2006, children admitted to Had Yai Hospital,
Songkhla, with the initial diagnosis of dengue virus infection were enrolled. The patient was
included if he/she fulfilled all of the following criteria: 1) age 5-15 years and 2), had serological
confirmation of dengue virus infection. Exclusion criteria were: 1) any other acute/chronic
diseases previously diagnosed or 2) refusal of consent to the study by patient and/or parents.
The research protocol was approved by the Ethics Committee of the Faculty of Medicine,
Chulalongkorn University. Written informed consent was obtained from an appropriate guardian

and/or the patient prior to enrolment.

Blood sample collection

Upon having obtained informed consent, blood samples were collected at 3 stages:
febrile stage (first day of enrolment), toxic stage (the day of defervescence), and recovery stage
(at follow-up) for determination of serum HGF level. Three millilitres of blood sample were

collected and centrifuged at approximately 1000 G. The serum was then removed and stored at

< -70°C for subsequent analysis.

Determination of HGF level
HGF level was determined by a commercially available ELISA kit (Quantikine R&D
Systems, Minneapolis, MN, USA).

Determination of right pleural effusion

The amount of right pleural effusion was determined by ultrasonographic examination of
the right pleural space. A transducer was placed at the right postero-lateral aspect of the chest
wall, at the level of the xiphoid process. The maximum width of the pleural effusion was

measured. Any pleural effusion would qualify the patient for diagnosis of DHF.

Clinical data

The progression of the patient’s illness was classified into three clinical stages as
febrile, toxic and convalescent stages according to the World Health Organization (WHO)
criteria.1 Toxic stage was defined as the day of defervescence or presence of
haemoconcentration and/or shock. Convalescent stage was defined as 24-48 hours after the

toxic stage and once the patient was recovering. Follow up was performed at least 1 week after
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the toxic stage. Acute and convalescent sera from all subjects were sent for serological
confirmation of dengue virus. Dengue virus infection was diagnosed and classified as DF, DHF
and DSS according to the WHO case definition.1 Diagnosis of DHF required at least 1
evidence of capillary leakage (rising of haematocrit > 20% or presence of pleural effusion
and/or ascites). In patients without baseline haematocrit, the percentage of haemoconcentration
was determined using the difference between maximal and minimal haematocrit during the
same admission. DSS was diagnosed when the patient with DHF had clinical findings of shock
such as: 1) hypotension in relation to age and cold clammy skin or restlessness or 2) narrow
pulse pressure (< 20 mmHg.) and rapid and weak pulse.1 The classification of the patient’s
clinical severity was agreed upon by two physicians. All patients were treated by our in-house

staff and attending staff according to the guideline published by the WHO.1

Confirmation of dengue virus infection
Serologic studies of dengue virus infection were performed at the Department of
Medical Sciences, Ministry of Public Health (Nonthaburi, Thailand) using enzyme-linked

immunosorbent assay (ELISA).

Data collection and analysis

The data were analysed using Prism for Windows version 5 (GraphPad Software Inc.,La
Jolla, CA, USA). Continuous variables were expressed as mean + standard deviation and were
compared using t-test or one-way ANOVA. Categorical variables were compared by chi-square

test or Fisher exact test as appropriate. A p-value of < .05 was considered significant.

Results

Sixty-nine serum samples from 27 patients with serologically-confirmed dengue virus
infection (17 with DF and 10 with DHF) were analysed for serum HGF levels. Nine healthy
children served as normal controls. Demographic and clinical data of all subjects are

summarised in Table 1.
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HGF serum levels in patients with dengue virus infection (DF+DHF) during different
stages of the disease and in controls are shown in Figure 1. Serum HGF was significantly
different when comparing between the 3 stages of the disease (p<0.001). Post-hoc analysis
showed that the HGF level was significantly higher in dengue-infected patients at the febrile
and toxic stages than at follow-up (p<0.05).

Figure 2 shows the difference between HGF levels in patients with DF and DHF at
different stages of the disease. Serum HGF was significantly different when comparing between
DF and DHF patients at the febrile stage (top figure, p<0.05). There was a tendency towards a
higher level of serum HGF in patients with DHF than those with DF at the toxic stage (centre
figure, p=0.33), but not at follow-up (bottom figure, p=0.96). Receiver operating characteristics
analysis showed that the area under the curve was 0.75 for utilising the HGF level at the febrile
stage for predicting clinical progression to DHF (Figure 3). A cut-off serum HGF level of 1,220
pg/mL obtained during the febrile stage showed a sensitivity of 90%, and specificity of 53%, for
predicting progression to DHF.

The ultrasonographic examination of the right pleural space was performed in 23
patients at the convalescent stage. Five children were found to have pleural effusion. There
was no significant relationship between pleural effusion thickness and serum HGF level at the
febrile and toxic stages (r = 0.26, p= 0.22 for febrile and r = 0.02, p=0.95 for toxic stage, by

linear regression analyses).

Discussion

HGF is a heparin-binding polypeptide growth factor which is known to be the most
potent trigger of hepatocyte regeneration following liver injury. This cytokine is synthesised by a
range of cells including non-parenchymal liver cells, such as sinusoidal wall endothelial cells,
Kupffer cells, and Ito cells.15 Various studies conducted on patients with various types of
infectious and non-infectious liver diseases including hepatitis B, fulminant hepatic failure, and
hepatocellular carcinoma, have demonstrated a variable degree of increased serum HGF

12, 13, 16

levels. Some research has also investigated its correlation with biochemical

parameters of hepatic damage and supported its value as a prognostic marker.
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Evidence of hepatocellular damage in dengue-infected patients, as indicated by raised
transaminase levels (predominantly AST) has been described and was more pronounced in
DHF than DF.2 Nevertheless, the level of HGF during dengue infection has never been
investigated. We initially hypothesised that elevated serum HGF levels might be associated with
dengue virus infection and related to disease severity.

In accordance with the original hypothesis, our study demonstrated that serum HGF
levels were significantly elevated during the febrile and toxic stages of dengue infection.
Furthermore, DHF patients tended to have a higher HGF level than DF patients during the
febrile stage (Figure 2, top). Although HGF appeared to be higher in DHF patients compared to
DF patients at the toxic stage (Figure 2, centre), the difference did not reach statistical
significance possibly due to the relatively small sample size. The early increase in serum HGF
level observed in our study might have a prognostic value in a patient suspected to have
dengue virus infection. A cut-off level of 1,220 pg/mL obtained during the febrile stage was
found to be a sensitive predictor for clinical progression to DHF (sensitivity 90%). Therefore,
serum HGF obtained at the febrile stage might become a valuable tool for early identification of
dengue-infected patients at risk for developing DHF and should be further studied. Due to small
sample sizes, the relationship between HGF and severity of pleural effusion was not statistically
significant. Additional studies with more subjects are required to better elucidate these findings.

The mechanism underlying increased HGF level in patients with dengue infection,
particularly DHF, has remained unclear. We postulate that it might be due to enhanced
production of this hepatotropic factor in response to dengue-induced liver injury, which has
previously been reported to be more profound in DHF than in DF.2 In addition, since the liver
is responsible for clearance of HFG, decreased elimination as a result of liver cell damage
could be another possible explanation. Additional investigations are required to elucidate the
possible mechanisms and the significance of HGF elevation in dengue infection.

In summary, we provided preliminary data suggesting that serum HGF level at the early
stage of dengue virus infection is elevated and may serve as a useful predictor for clinical
progression to DHF. Further studies with larger patient groups are warranted to confirm these

encouraging results.
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Figure Legend

Figure 1: HGF level in children with dengue infection during different stages of the iliness
(p<0.001).

Figure 2: HGF level in patients with DF vs. DHF at different stages of the illness (p<0.05 at the
febrile stage).

Figure 3: Receiver operative characteristic (ROC) curve for using HGF during febrile stage to

predict clinical progression to DHF versus DF (area under the curve = 0.75).
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Table 1: Demographic and clinical data of 27 patients enrolled.

DF (n =17) DHF (n =10) p-value
Age (years) 9.7 £24 99+ 28 NS
Sex (M/F) 9/8 91 NS
Body temperature max (C) 396 £1.0 39.7£0.5 NS
Maximal Haematocrit (%) 410+ 3.9 455 4.0 < 0.01
Lowest Platelet (x1 09/L) 86 + 40 74 + 70 NS

NS = not significant
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Figure 1: HGF level in children with dengue infection during different stages of the illness
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Summary

To study capillary lactate as hemodynamic monitoring tool in patients with dengue virus
infection, lactate was determined within 6 hours of defervescence and 12 hours thereafter in 27
patients (age 10.4+3.0 years). All patients with normal initial lactate (1.8+0.3 mmol/L, n=11)
received intravenous fluid of less than 650 mL/m2 in the next 12 hours and none had pleural
effusion >5% at convalescence. Among patients with high initial lactate (3.0£0.5 mmol/L, n=16),
5 (31%) had pleural effusion >5%, all of whom appeared to have relatively rapid decline of
lactate. The amount of fluid administration correlated to the rate of lactate decline (r=-0.42,
p<0.05). We conclude that patients with dengue virus infection with normal lactate at the initial
hours after defervescence generally have mild clinical presentation. In patients with high initial
lactate, subsequent follow-up level has the potential to identify the patients who received under-
or over-treatment and should be further studied.

Key words: Dengue, Dengue hemorrhagic fever, Lactate, Hemodynamic monitoring, Children
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Low cardiac output and shock are one of the most important consequences of dengue
virus (DV) infectionu. Lactate elevation in bacterial sepsis and/or septic shock has been shown
to correlate with the disease severity and outcome and is frequently monitored in these
patient33'4. The purpose of this study was to evaluate the potential role of blood lactate as a

hemodynamic monitoring tool in patients with DV infection.

Materials and Methods:

Subjects: Children (age 0-15 years) with ELISA or PCR-proven DV infection who were
admitted to King Chulalongkorn Memorial Hospital (Bangkok, Thailand) or Sawanpracharak
Hospital (Nakorn Sawan,Thailand) were enrolled. We excluded patients with underlying heart or

metabolic diseases which may affect blood lactate level.

Lactate determination: Capillary blood was used for lactate determination by a hand-held

device (Accutrend Lactate, Roach Diagnostics, Germany) within 6 hours after defervescence

(toxic stage) and 12 hours thereafter. Lactate level of < 2.2 mmol/L was considered to be

5
normal .

Determination of pleural effusion:

The amount of right pleural effusion during the convalescent stage was determined by
ultrasonographic examination of the right pleural space as previously describedﬁ. Pleural
effusion index (PEI) was calculated as the width of right pleural effusion divided by the width of

the patient’'s hemithorax at level of the xiphoid process.

Clinical data:

The progression of the patient’s illness was classified into three clinical stages as
febrile, toxic and convalescent stages and as dengue fever (DF), dengue hemorrhagic fever
without shock (DHF) and dengue shock syndrome (DSS) according to the criteria published by
the World Health Organization (WHO)1. All patients were treated by our house staff and/or
attending staff according to the WHO guideline. Lactate levels were not known to the physician

who treated the patient.

Variables and Statistics:

68



Data are expressed as mean = SD. Unpaired t-test or one-way ANOVA were used to
compare continuous variables and Chi-square test was used to compare categorical variables
among 2 or more groups. Correlation between 2 continuous variables was assessed by linear

regression.

Ethic committee approval and patient’s consent

The study was approved by the Ethic Committee of the Faculty of Medicine,
Chulalongkorn University and Sawanpracharak Hospital. Written informed consent was obtained

from each subject and/or appropriate guardian prior to enroliment.

Results

Twenty-seven patients were enrolled. The demographic and clinical data of all patients
are shown in Table 1. Twelve patients were classified as DF, 11 as DHF and 4 as DSS. All
patients were successfully treated by intravenous fluid alone (no inotropic agent) and no
mortality occurred in our cohort.

The levels of capillary lactate at different stages of the illness are shown in Figure 1.
Elevated lactate (> 2.2 mmolL/L) was found in 59 and 61% of the first and second

determinations during the toxic stage, respectively.

Correlation between blood lactate and the clinical course and outcome.

The initial capillary lactate during the toxic stage in this cohort ranged from 1.2 to 3.7
mmol/L. Lactate levels determined during the early toxic stage (first determination) were
significantly different among patients with DF (2.2+0.6 mmol/L), DHF (2.6+0.6 mmol/L) and DSS
(3.2£0.6 mmol/L, n = 4), respectively (p=0.03).

Using 2.2 mmol/L as the highest limit for normal lactate values, 11 and 16 patients were
found to have normal and elevated capillary lactate on the first determination during the toxic
stage, respectively. Figure 2 demonstrates the amount of intravenous fluid administration in the
next 12 hours (top figure), and pleural effusion index (PEI) during convalescent stage (bottom
figure) in patients with normal lactate (1.8£0.3 mmol/L, n = 11, left column) and high lactate
(3.0£0.5 mmol/L, n = 16, right column). All patients with normal initial lactate received
intravenous fluid of less than 650 mL/m2 in the next 12 hours and none had PEI of > 5% at
convalescence. The amount of fluid administration and PEI in patients with elevated lactate

level varied considerably (right-handed column), with some patients received large amount of
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fluid resuscitation and/or developed large amount of pleural effusion.

The relationship between lactate change and fluid administration and pleural effusion

Figure 3 demonstrates the relationship between the amount of intravenous fluid
administration (top figure), and pleural effusion index (PEI, bottom figure) versus the changes of
blood lactate. In general, lactate level declined more rapidly in patients with larger amount of
intravenous fluid administration (top figure; r = -0.42, p < 0.05). The amount of pleural effusion
appeared to be larger in patients with larger drop of lactate level in the first 12 hours of toxic
stage as well. The correlation coefficient of the association was however, not statistically
significant (bottom figure; r = -0.26, p = 0.22).

Five patients in our cohort had PEI at convalescent stage of > 5%. All of these patients
belonged to the group with high initial lactate during the toxic stage (Figure 2). Compared with
the other patients in this group, these 5 patients appeared to receive larger amount of
intravenous fluid in the 12-hour interval between the 2 lactate determination (9811516 vs.
6581460 mL/m2, p = 0.24) and had larger decline in blood lactate (-0.5£0.3 mmol/L vs.

+0.1£0.8 mmolL/L, p = 0.14) but the differences did not reach statistical significance.

Discussion

Lactate determination has been evaluated and used for hemodynamic monitoring in
many diseases that are associated with low cardiac output and/or shocks's. The potential value
of lactate determination in patients with DV infection has not been previously studied and is the
focus of this report.

In this study, we found that initial lactate determination within 6 hours of defervescence
correlated with the subsequent treatment and outcome. Normal lactate at this stage was
associated with a mild disease. The clinical progression of patients with elevated initial lactate
was more variable with some patients receiving more intravenous fluid and/or developing larger
pleural effusion compared to the others. As expected, we found that larger amount of fluid
administration generally resulted in more rapid lactate decline, the finding that would be
cheered in patients with bacterial sepsis. In patients with DV infection, however, faster decline
of lactate may be associated with larger pleural effusion as shown in Figure 3 (bottom).
Because respiratory embarrassment from pleural effusion and/or pulmonary edema can occur
from over-administration of intravenous fluid, and mild hyperlactatemia did not appear to be
harmful in patients with DV infection, it appeared that the rapid decline of lactate sought for in

the treatment of septic shock?”4 may not be warranted in patients with DV infection, possibly
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except for those with shock or severe disease. Further study is needed to confirm these
findings and to determine the value of serial lactate determination in patients with DV infection
including the level that can be safely tolerated and the proper degree of lactate decline to

prevent both under- and over-treatment in this disease.
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Table1: The demographic and clinical data of all patients

DF (n = 12) DHF (n=11) | DSS (n =4) p-value
Sex (M:F) 9:3 4:7 4:0 0.04
Age (yr) 11.4+3.1 9.6+2.8 9.7+3.1 0.38
Body weight (Kg) 46.8+19.0 33.1+15.2 39.349.0 0.16
Duration of fever (days) 5.0+0.6 4.7+0.9 4.8+1.0 0.69
Maximum Hct (%) 41.242.7 45.4+3.1 45.0+ 4.7 0.01
Lowest PIt (x103/mm3) 61.8+22.9 49.3+26.7 61.3+33.4 0.49
PEI (mm) 0 7.149.8 7.5+10.7 0.06
Lactate level during toxic 2.2+0.6 2.6+0.6 3.2+0.6 0.03

stage

DF ;dengue fever, DHF ;dengue hemorrhagic fever, Hct ;hematocrit, Plt; platelet number,

PEI; pleural effusion index
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Figure 1: Blood lactate during different stages of dengue virus infection

De °
-
O 4-
e ® ®
el °, Sen sl
" 3= °® o % °
© ® [ )
S| —ve -4
Q2] 8.° e e e
— ° ° °
© Y o o0
S 14 P ° °
m

0

) ) ) )
Febrile Toxic Toxic+12hr Conv
Stages

Horizontal line = mean value. Conv = convalescent stage, Toxic+12hr = 12 hours after the first level

during toxic stage.

73



Figure 2: Amount of initial fluid administration in 12 hours (top) and pleural effusion

index (PEI) at convalescent stage (bottom) based on the level of first lactate during

toxic stage.
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Figure 3: The relationship between the amount of fluid administration in the first 12
hours of toxic stage (Y axis, top figure) and pleural effusion index (PEI) at convalescent
stage (Y axis, bottom figure) versus the change in blood lactate during the toxic stage

(X axis).
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Abstract

To find out if liver injury in patients with dengue virus infection is caused by ischemia
(ischemic hepatitis), we studied portal blood flow in 36 serologically-confirmed dengue virus
infection during the toxic stage. The patients’ age was 10.9+2.5 years and 13 had dengue fever, 10
dengue hemorrhagic fever and 13 dengue shock syndrome. Plotting of ultrasound-derived portal
blood flow against the level of aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) demonstrate a “threshold effect” of portal venous blood flow to the elevation of liver enzyme.
All patients with significantly elevated AST and ALT (> 200 IU/mL) had portal venous flow of less
than 300 mL/min/mz. Some patients, however, was protected from liver injury despite low portal
venous blood flow. We concluded that liver injury in patients with dengue virus infection could be
partly explained by ischemia, with the possibility of other factors contributing to the different degree
of liver injury. Alteration of the splanchnic circulation may be an important pathophysiologic process

in patients with dengue virus infection.
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Background

Liver involvement in patients with dengue virus infection is well known. Liver enzyme
elevation was noted in 45-98% of patients with dengue virus infection1'5 with more elevation in
patients with higher severity of the iIInessG’7. Liver failure due to dengue virus infection is well
documented in the Iiteratures'11 and dengue virus is the most common cause of liver failure in Thai
children in the current era12.

The pathogenesis of liver involvement in DHF and DF is not well understood. Potential
explanation includes direct infection of hepatocyte13, hypoperfusion of liver from shock, and
sinusoidal endothelial damageM. Because liver enzyme elevation tended to be more severe in
patients with higher severity of the iliness (i.e. in shock cases more than non-shock cases), we
hypothesized that hepatic hypoperfusion may be the etiology for liver injury in this disease. The
objective of this study was to correlate the degree of hepatic hypoperfusion with that of liver injury.
Because portal vein supplies the majority of hepatic blood flow and its ease of measurement
compared to hepatic arterial flow, we use portal blood flow as the surrogate for hepatic perfusion.
Liver enzymes (alanine aminotransferase, ALT and aspartate aminotransferase, AST) was used to

quantify the degree of livery injury.

Methods
1: Subjects

Convenient samples of children (less than 14 years) who were admitted with presumptive
diagnosis of dengue virus infection at King Chulalongkorn Memorial Hospital were enrolled. Only

patients with serologic confirmation of dengue virus infection were included in the final analysis.

2. Procedures

After written inform consent was obtained, blood samples were collected for serologic
and/or PCR confirmation of dengue virus infection. On the day of defervescence, blood sample for
determination of Aspartate aminotransferase (AST) and alanine amiotransferase (ALT), and
ultrasonographic studies of portal vein were done. On the day of discharge, ultrasonographic study
of the right pleural cavity was performed for evidence of capillary leakage (pleural effusion). Another

blood specimen was collect for paired determination of dengue serology.

3. Ultrasonographic study of portal blood flow:
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Ultrasonographic studies of portal vein was done by one investigator (A.K.) using Aloka
Prosound SSD5500 (Aloka Inc., Tokyo, Japan) imaging system using 3-5 MHz transducer with
electrocardiogram attached. The size of portal vein was measured in supine right subcostal
position, with the vein seen longitudinally. The maximal diameter of portal vein was obtained just
distal to the site where the hepatic artery crossed the vein. All measurements were done from inner
wall to inner wall, during expiration, and at before QRS complex on the electrocardiogram. An
average from three measurements was used for further analysis.

The velocity of blood flow in the portal vein was measured by Doppler interrogation of the
right portal vein just before its first intrahepatic branching. Transducer was placed at right lateral
aspect of the upper abdomen in supine position such that the right portal vein was seen pointing
toward the transducer during expiration. The mean velocity of portal vein flow was obtained during
respiratory hold in expiration, and averaged for 3 cardiac cycles. In patients who cannot hold
respiration reliably (in small children), averaged value from 3 respiratory cycles was used. Doppler
measurements were done 3 times and the value averaged. Only Doppler interrogation with less
than 45 degrees angle between the ultrasound beam and the vessel was accepted. Angle
correction was used for all Doppler measurements. Mean Doppler velocity of blood flow was
calculated by the software provided with the ultrasound machine with automatic tracing of the
Doppler spectral signal.

Portal blood flow was calculated as the cross-sectional area of the portal vein (TT x

[dameter/2]2) multiply by the velocity of the right portal vein.

4. Confirmation of dengue virus infection

Serologic study of dengue virus infection was done at The Arm Force Research Institute of
Medical Sciences (AFRIMS, Bangkok, Thailand) using ELISA method. The laboratory procedures
and interpretations were previously reported15. Positive PCR test for dengue virus was accepted as
an evidence of dengue virus infection in patients who did not have ELISA results due to missing
specimen or lack of paired specimens. Nonserotype-specific reverse transcription - nested
polymerase chain reaction (RT-nested PCR) was performed at the Division of Infectious Disease,
Department of Medicine, Chulalongkorn University School of Medicine using consensus primers
targeting 3'-untranslated region of all dengue viruses. The sensitivity and specificity of the test has

been determined to be 86.8 and 100% using plasma or serum specimens, respectively 16.
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5. Clinical data

Diagnosis and grading of dengue hemorrhagic fever (DHF) was done according to the
criteria published by the World Health Organization (WHO)W. Diagnosis of DHF required at least 1
evidence of capillary leakage (rising of hematocrit > 20% or presence of pleural effusion and/or
ascites). Dengue shock syndrome (DSS) was diagnosed when the patient with DHF had clinical
findings of shock as: 1) hypotension for age and cold clammy skin or restlessness or 2) narrow
pulse pressure (S 20 mmHg.) and rapid and weak pulsew. Ultrasonographic study of the right
pleural cavity was used to detect the presence of pleural effusion during the convalescent stage in
all cases. Treatments including fluid administration of all patients were given by house staff and
attending staff of our department according to the guideline published by WHO”.

(http://www.who.int/csr/resources/publications/dengue/Denguepublication/en/)

6. Ethic committee approval and patient’s consent
The study was approved by the Ethic Committee of the Faculty of Medicine, Chulalongkorn
University. Written informed consent was obtained from each subject and/or appropriate guardian

prior to enrollment.

Results

Thirty-six patients (20 males, 16 females, mean age 10.9+2.5 years) were enrolled. There
were 13 patients with dengue fever, 10 with dengue hemorrhagic fever without shock and 13 with
dengue shock syndrome. The clinical data of all patients based on severity are summarized in
Table 1.

Table 1: Demographic and clinical data of all patients based on the severity of dengue virus

infection
Dengue fever (DF) | Dengue hemorrhagic | Dengue shock
fever without shock (DHF) | syndrome (DSS)
Age (years) 99+24 12.0 £ 2.3 11.1 £ 2.6
Sex (male/female) 6/7 5/5 9/4
Maximum  hematocrit | 40.2 + 3.4 450+ 26 46.7 £ 6.4
(%)
Minimum Platelet 755+ 225 33.0+17.3 285+ 17.3
(x 103 per mm3)
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The relationship between portal vein blood flow (PBF) and liver enzyme elevation in patients

with dengue virus infection is demonstrated in figure 1.
Figure 1: Scatterplot demonstrating the relationship between portal blood flow (X axis) and liver

enzyme (ALT, top; and AST, bottom) in patients with dengue virus infection.
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Discussion

Liver injury has long been recognized in patients with dengue virus infectionMZ. While it is
well documented that the incidence of liver enzyme elevation in patients with dengue virus infection
is dependent upon the severity of the illness (higher with more severe diseases), its etiology is still
a matter of speculation6'7. Histopathologic studies of liver in these patients often demonstrated
hepatocyte swelling with intracellular inclusion bodies and focal areas of paracentral necrosis,
hepatic congestion, and sinusoidal congestionw'zo. Kupffer cell swelling and occasional dislodge of
cells into sinusoidal space has been described18. Contrary to most other viral hepatitis, evidence of
white blood cell infiltration of the liver has not been impressive. While these findings were mostly
non-specific, hepatic injury in patients with dengue virus infection is believed not likely to be the
same as others viral-induced hepatitis.

Central into the debate of the etiology of liver injury in patients with dengue virus infection is
whether liver injury is caused by hepatic hypoperfusion. To answer this question, we initially
examined the relationship between hemodynamic parameters measured by echocardiogram and
the degree of liver enzyme elevation in these patients. The results showed a scatter relationship
between cardiac index and the level of ALT and AST. Because of our previous study showing that
various degree of liver congestion occurred in patients with dengue virus infection21, we
hypothesized that hepatic blood flow may not always correlate with total body blood flow in these
patients because of possible downstream impediment of the hepatic blood flow caused by liver
congestion. We therefore examined the relationship between hepatic blood flow and the degree of
liver enzyme elevation as shown in this study. Because of its ease of measurement by ultrasound
and its role as the major source of hepatic blood supply, portal venous blood flow was used as the
surrogate for hepatic blood flow. Because ALT and AST are highest at the toxic stage (Figure 1),

we use the level drawn on the day of defervescence as the surrogate for liver injury.
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Figure 2: Levels of ALT and AST during different stages of dengue virus infection. Feb1 =
Febrile stage, early days, Feb2 = the day just before defervescence, Toxic = at defervescence,

Conv = the day before discharge, FU = at follow-up. Khongphatthanayothin, et al, unpublished

From Figure 1, it was apparent that all patients with significant elevation of ALT or AST (>
200 IU/mL) had portal blood flow of less than 300 mL/min/mz. However, not all patients with “low”
portal blood flow had elevation of AST and/or ALT. This can be explained by dual sources of blood
supply common to hepatic physiology. Hepatic arterial supply may prevent liver from ischemic insult
in many patients with low portal blood flow. There could also be other factors contributing to various
degree of hepatic tolerance to ischemic insults among different patients, such as the degree of
hepatic congestion, the length of hypotension and adequacy of fluid resuscitation, etc. Different
degree of direct hepatic injury caused by dengue virus infection, in combination with hemodynamic
factors is another explanation for lack of liver injury in some patients with low portal blood flow.

From the literature, liver injury caused by hypotension and shock has been described as
“ischemic hepatitis” or “shock Iiver”22_24. Although hypotension and/or low cardiac output are
required for the diagnosis of ischemic hepatitis, many patients with shock and/or cardiac arrest do
not have this conditionzz. One study identifies passive hepatic congestion as the main risk factor for
liver injury associated with shockzz. Because liver congestion is common in patients with dengue
virus infection, we believe ischemic hepatitis could be the reason for liver enzyme elevation in some
patients. Other similarities of dengue-associated liver injury and ischemic hepatitis included marked
rise in the level of AST25, rapid rise and fall of ALT and AST24_27 and liver pathology of centrilobular

L 27
necrosis .
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In conclusion, we demonstrated that all dengue virus infected patients with significantly
elevated liver enzyme had low portal blood flow. Liver injury in some patients with dengue virus
infection could therefore be explained by decreased hepatic perfusion coupled with liver congestion
and/or other unknown contributing factors. The changes in splanchnic and hepatic circulation in
patients with dengue virus infection may be an important pathophysiologic process for dengue-

related illness.
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Abstract

To find the usefulness of a single echocardiographic determination of the hemodynamic
status at the toxic stage for predicting the adequacy of the circulation in patients with dengue virus
infection, 20 patients (12 boys and 8 girls, mean age 11.0 + 2.9 years) were enrolled in this study.
Echocardiographic determinations of cardiac index and end-diastolic volume index were performed
within 6 hours of defervescence and data were correlated with 1) capillary lactate at the time of
echocardiogram, 2) capillary lactate 12 hours later, and 3) the change of capillary lactate within the
12 hours. Twelve patients had dengue fever, 5 had dengue hemorrhagic fever without shock and 3
had dengue shock syndrome. No correlation was found between the cardiac index or end-diastolic
volume index and lactate/change of lactate in this group of patient. It was concluded that single
determinations of cardiac index or end-diastolic volume index in patients with dengue virus infection

at toxic stage were not predictive of the lactate at that time nor the change thereafter.
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Background

Dengue virus infection is one of the most important emerging infectious diseases affecting
children in tropical countries[1, 2]. The disease is endemic in all provinces of Thailand and in many
tropical parts of the world, such as in Southeast Asia, India, Central and South America, and parts
of Africa and Australia[2]. It is now considered to be a global pandemic, with recorded prevalence
in 101 countries around the world. The estimate for an annual global infection is currently 50-100
million patients, with an annual incidence of dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), the two most serious forms of this disease, of 250000-500,000 patients each
year[2]. Dengue virus infection is considered to be a major public health problem in Thailand[3].

While the actual pathophysiologic process of DHF remains unclear, certain clinical
presentations have been well described[3, 4]. In susceptible patients, dengue hemorrhagic fever
develops 2-9 days after symptomatic infection by dengue virus. Shock and bleeding are the main
serious clinical presentations of DHF, both of which can lead to a serious morbidity or death. The
pathophysiologic process is self-limited and surviving patients recover spontaneously in 24-48
hours. The mainstay of treatment for DHF remains supportive, with meticulous care for shock and
bleeding during the toxic stage of the disease.

The mainstay of treatment for low cardiac output state and shock in patients with DHF/DSS
is intravenous fluid[3, 4]. Meticulous care is needed when giving intravenous fluid to patients with
DHF/DSS since over- treated patients may develop fluid overload as a complication[3, 4].
Currently, clinical examination and hematocrit are used to monitor the treatment in patients with
DHF. However, clinical examination can be unreliable and difficult in certain patients such as in
obese children. Hematocrit monitoring can be misleading in patients with significant bleeding and
may not be entirely reliable because of its insensitivity to venous pooling. Echocardiogram is ideal
as a monitoring tool in patients with severe shock or in whom the clinical examination is difficult
because of its non-invasiveness, portability and the ability to assess intravascular volume and
cardiac contractility at the same time. Assessment of cardiac contraction may be important in cases
with severe shock since our data demonstrated the association between cardiac contraction
(ejection fraction) and the degree of pleural effusion after treatment (figure 1). Echocardiogram has
been proved to be at least as good as invasive monitoring in patients with septic shock[5, 6]. The
equipment is now widely available in most provincial hospitals in Thailand and successful limited
training of non-cardiologist physicians for the purpose of hemodynamic monitoring has been

demonstrated to be possible in emergency[7, 8] and intensive care settings[9, 10]. To our
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knowledge, the utility of echocardiogram as hemodynamic monitoring for low cardiac output state

and shock in patients with DHF/DSS has never been previously studied.

Figure 1: Scatterplot showing the relationship between left ventricular ejection fraction
(EF1) and the amount of pleural effusion (PEI3c, % of hemithorax) after treatment of
DHF.
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The purpose of this study was to evaluate the correlation between echocardiographic
derived hemodynamic variables and the degree of hypoperfusion assessed by capillary lactate in

patients with dengue virus infection during the toxic stage.

Methods:
Subjects: Children (age 0-15 years) with ELISA or PCR-proven DV infection who were admitted to
King Chulalongkorn Memorial Hospital (Bangkok, Thailand) were enrolled. We excluded patients

with underlying heart or metabolic diseases which may affect blood lactate level.

Lactate determination: Capillary blood was used for lactate determination by a hand-held device

(Accutrend Lactate, Roach Diagnostics, Germany) within 6 hours after defervescence (toxic stage)

and 12 hours thereafter. Lactate level of < 2.2 mmol/L was considered to be normal[11].
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Echocardiography

Echocardiographic studies were performed by our investigators (SP,KS) using Aloka
Prosound SSD5500 echocardiographic machine (Aloka Inc., Tokyo, Japan) at febrile, toxic,
convalescent stages and at follow up. An M-mode scan of left ventricle from the standard
parasternal long-axis view, at the level of mitral valve tip was recorded on tape simultaneously with
the EKG and phonocardiogram. The recordings were later reviewed and measured by one
investigator (SP) who was blinded to the clinical data of the patients, using the software provided
with the echocardiographic machine. Three consecutive cardiac cycles were analyzed for each
variable and the averaged values were used for further analysis.

Measurements of left ventricular walls and dimensions were done according to the
previously published guideline[12]. End-diastole was defined as the time at the onset of QRS
complex and end-systole was defined as the time at the first high frequency component of the
second heart sound (S2) on phonocardiogram. Left ventricular volumes at end-diastole (EDV) and
end-systole (ESV) were calculated by the method of Teichholz’s[13]. Ejection fraction was

calculated as 100 x (EDV-ESV)/EDV.

Determination of pleural effusion:

The amount of right pleural effusion during the convalescent stage was determined by
ultrasonographic examination of the right pleural space as previously described[14]. Pleural
effusion index (PEI) was calculated as the width of right pleural effusion divided by the width of the

patient’s hemithorax at level of the xiphoid process.

Clinical data:

The progression of the patient’s illness was classified into three clinical stages as febrile,
toxic and convalescent stages and as dengue fever (DF), dengue hemorrhagic fever without shock
(DHF) and dengue shock syndrome (DSS) according to the criteria published by the World Health
Organization (WHO)[4]. All patients were treated by our house staff and/or attending staff according

to the WHO guideline. Lactate levels were not known to the physician who treated the patient.

Variables and Statistics:

Data are expressed as mean = SD. Unpaired t-test or one-way ANOVA were used to

compare continuous variables and Chi-square test was used to compare categorical variables
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among 2 or more groups. Correlation between 2 continuous variables was assessed by linear

regression.

Ethic committee approval and patient’s consent

The study was approved by the Ethic Committee of the Faculty of Medicine, Chulalongkorn
University and Sawanpracharak Hospital. Written informed consent was obtained from each subject

and/or appropriate guardian prior to enrollment.

Results
Twenty patients (12 boys and 8 girls, mean age 11.0 + 2.9 years) were enrolled. The

demographic and clinical data of all patients are summarized in Table 1.

Variables Groups P
DF (n=12) DHF,no shock DSS (n =3)
(n=9)

Age 114 £ 3.1 10.2+238 11.0 £ 2.8 772
Maximal Hct 412+ 27 465+ 35 46.7 £ 4.0 .006
Minimal PIt 61.8 +22.9 254 +53 60.7 + 40.9 .026
Lactate (mmol/L) 22+06 24+05 3.0+0.6 .156
(defervescence)

Lactate (mmol/L) 22+08 27+1.0 2605 .551
(12 hours later)

IV fluid given in 415 + 142 839 + 541 1332 + 383 .001
12 hours (mL/m2)

PEI (%) 0 8.1+8.0 10.1 £ 11.5 .010

The relationship between cardiac index at toxic stage in these 20 patients and 1) lactate at
deferveacence, 2) lactate 12 hours after IV fluid resuscitation, and 3) the change of lactate are
showed in Figure 1. There appeared to be no relationship between cardiac index and lactate data,
both with the absolute data and with the change of lactate during the 12 hours after defervescence.

The relationship between and end-diastolic volume at toxic stage in these 20 patients and

1) lactate at defervescence, 2) lactate 12 hours after IV fluid resuscitation, and 3) the change of
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lactate are showed in Figure 2. There appeared to be no relationship between end-diastolic volume
index and lactate data, both with the absolute data and with the change of lactate during the 12

hours after defervescence.

Discussion

Contrary to our original hypothesis, we could not demonstrate any relationship between
hemodynamic data taken from a single echocardiogram at toxic stage and the level of lactate or
subsequent changes. These results were unexpected. Some of our explanations are as follow:

1. Echocardiogram was done only 1 time. As hemodynamic status in these patients is
dynamic and could change significantly during the 12 hours of IV fluid resuscitation due
to ongoing fluid shift across from intravascular compartment to extravascular
compartment or due to the variation of IV fluid resuscitation which were not strictly
controlled. As such, the early determination of hemodynamic data might not keep up
with the subsequent changes and thus might not be correlate with lactate or the rate of
change in lactate.

2. Echocardiographic measurements and calculations of end-diastolic volume or cardiac
index might have been subjected to a wide variation, both between echocardiographer
and between reader of the recorded sonogram.

In conclusion, we did not find any correlation between echocardiographic determination of
cardiac index or left ventricular end-diastolic volume and the degree of tissue hypoperfusion
assessed by capillary lactate or its subsequent changes. The use of single echocardiographic
assessment of hemodynamic status in patient with dengue virus infection at toxic stage may not be
useful in predicting the current level of lactate or the subsequent changes. Further study on
multiple assessment by echocardiogram might yield a different results and could be the subject for

further investigation.
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Figure 1: The relationship between cardiac index at toxic stage and 1) lactate at defervescence,

2) lactate at 12 hours after IV fluid resuscitation, and 3) the change of lactate within the next 12

hours.
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Figure 2: The relationship between end-diastolic volume index and 1) lactate at defervescence,

2) lactate at 12 hours after IV fluid resuscitation, and 3) the change of lactate within the next 12
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A 10-year old boy presented with 4 days history of high fever, malaise, headache,
and vomiting. At admission, he was in shock (BP=80/40 mmHg). Enlarged liver (4
cm) and generalized petechiae were found on physical exam. Dengue shock
syndrome was diagnosed based on positive dengue IgM and negative blood culture
for bacteria. Laboratory examination showed WBC=14,930 cells/mm?, Hb=16.4 g/dL,
Hct=48.2%, Platelet=18,000/mm3, BUN=33 mg/dL, Cr=1 mg/dL, Na'=128 megq/L,
K'=6.2 meg/L, CI'=91 meg/L, total CO,=5 meq/L, total billirubin=6.9 mg/dL, direct
billirubin=3.9 mg/dL, SGOT=3,507 U/L, SGPT=2,775 U/L, PT=43 sec (INR=3.4) and
PTT=93.5 sec (control 28.7 sec). The hospital course was complicated by liver
failure, renal failure, gastrointestinal hemorrhage and hypoglycemia. Although
hemodynamic condition stabilized over 24 hours, the patient continued to have
further rise of SGOT (11,690 U/L), SGPT (4,490 U/L), total billirubin (34.8 mg/dL),
and direct billirubin (18.4 mg/dL) during the next 6 days. Hepatic ultrasound on the
second day after admission showed totally reversed direction of portal venous blood
flow away from the liver (Figure 1, left) which was changed to bi-directional direction
on the next day and finally to normal direction (although with low velocity) 3 days
later (Figure 1, right). There was no obstruction of hepatic veins. The patient expired
6 days after admission due to pulmonary hemorrhage and progressive respiratory

failure.

Dengue virus infection is one of the common causes of acute liver failure in children
in Thailand and tropical countries(1). The cause of liver failure in this disease is still

unknown. The ultrasonographic finding of reversed portal blood flow in our patient
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with fatal liver failure was different from increased portal blood flow seen in patients
with acute liver failure from paracetamol poisoining or viral hepatitis(2).
Ultrasonographic findings of ascites, hepatomegaly, swollen gall bladder and
decreased portal venous flow velocity in this disease resemble that of hepatic
venoocclusive disease which, in fatal case, can also present with hepatofugal portal
flow(3). We postulated that sinusoidal obstruction of portal blood flow may be an

important pathophysiologic process in this disease that should be further studied.
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Figure 1: Left=ultrasonography with color flow Doppler of the liver on the second day
of admission showing reversed direction of blood flow in the right branch of portal
vein (hepatofugal). There was diffuse increased liver parenchymal echo, swelling of
the gallbladder wall and right pleural effusion. Right=returning of the normal direction

of portal venous flow (hepatopetal) 3 days later. Liver parenchymal echo changed to

normal. Pleural fluid and swelling of the gallbladder wall also disappeared.
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The role of vascular endothelial growth factor leading to
vascular leakage in children with dengue virus infection
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Abstract Increased vascular permeability is the main aetiology for hypovolaemic shock and circulatory failure in
dengue haemorrhagic fever (DHF).

Aim: To investigate the role of vascular endothelial growth factor (VEGF) in the pathogenesis of DHF.
Methods: Serum samples from 41 patients [15 dengue fever (DF), 26 DHF] with serologically confirmed dengue
virus infection during the febrile, toxic, convalescent stages and at follow-up were analysed for VEGF. Plasma
samples from an additional 27 children (16 DF and 11 DHF) during the febrile, toxic stages and at 4-week follow-
up and from eight healthy controls were analysed for VEGF.

Results: Serum and plasma VEGF levels were not elevated during the febrile or toxic stages of dengue virus infection
and did not differ between patients with DF and DHF.

Conclusion: Plasma leakage in patients with DHF cannot be explained by elevation of VEGF during the toxic stage

of the illness.

Introduction

Dengue haemorrhagic fever (DHF) is one of
the most important infectious diseases in
Thailand and many other tropical regions of
the world. Most patients infected by the
dengue virus are asymptomatic. Pre-
sentations in those with symptoms are classi-
fied into three groups: undifferentiated fever,
dengue fever (DF) and DHF. Dengue shock
syndrome (DSS) is a severe complication of
DHF, characterised by a massive increase in
vascular permeability leading to hypovolae-
mic shock and circulatory failure. Evidence of
vascular leakage are haemoconcentration,

Reprint  requests to: Dr  Apichai Khong-
phatthanayothin, Department of Paediatrics, King
Chulalongkorn Memorial Hospital, 1873 Rama IV
Road, Patumwan, Bangkok 10330, Thailand. Fax:
466 2 256 4911; e-mail: apichaik@yahoo.com

© 2007 The Liverpool School of Tropical Medicine
DOI: 10.1179/146532807X220280

ascites, pleural effusion, hypo-albuminaemia
and low central venous pressure. The patho-
genesis of vascular leakage in DHF is not
clearly understood. Release of cytokines and
chemokines from monocytes and macro-
phages which target endothelium are believed
to play a key role in the pathogenesis of the
vascular leakage.'?

Vascular endothelial growth factor
(VEGF), originally named vascular perme-
ability factor, is a homodimeric heparin-
binding glycoprotein with potent angiogenic,
endothelial-cell-specific mitogenic and vas-
cular permeability-enhancing  activities.
Several studies have shown that VEGF plays
a role in the capillary hyperpermeability that
characterises ovarian hyperstimulation syn-
drome,>” pre-eclampsia,® cirrhosis with
spontaneous bacterial peritonitis (SBP)’
and post-operative capillary leak syndrome
in children undergoing cardiopulmonary
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bypass.® These findings prompted us to
determine the possible role of VEGF in the
pathogenesis of DHF/DSS.%*1°

Subjects and Methods
Subjects

Between 2003 and 2005, 41 patients aged
5-15 years admitted to King Chulalongkorn
Memorial Hospital with suspected dengue
viral infection during the febrile stage were
enrolled. After receiving informed consent,
blood samples were collected for determina-
tion of serum VEGF levels at four stages:
febrile (1st day of enrolment), toxic (day of
defervescence), convalescent (discharged
date) and recovery (at follow-up, approxi-
mately 4-6 weeks after the onset of fever).
The patients’ illnesses were classified as DF
or DHF according to World Health
Organization criteria.’ Patients with no
serological confirmation of dengue virus
infection were excluded.

To exclude the possible effect of platelets
on serum VEGF levels, plasma samples
were collected from another 27 patients
admitted to Had Yai Hospital with serolo-
gically confirmed dengue viral infection
during 2005-2006 for determination of the
plasma VEGTF levels during the febrile and
toxic stages and at follow-up. In addition,
plasma samples were obtained from eight
healthy control children (aged 8-14 years)
for determination of VEGF.

The studies were approved by the ethics
committee of the Faculty of Medicine of
Chulalongkorn University. Written informed
consent was obtained from each subject and/
or appropriate guardian before enrolment.

Serological confirmation of dengue viral
infection was undertaken at The Armed
Force Research Institute of Medical
Sciences (AFRIMS, Bangkok) by enzyme-
linked immunosorbent assay (ELISA).

Measurement of VEGF

Three millilitres of blood (using EDTA as
anticoagulant for plasma samples) were

collected and centrifuged at approximately
1000 G. The plasma/serum was then
removed and stored at <—70°C for sub-
sequent analysis.

Plasma and serum VEGF levels were
measured by solid-phase ELISA (Quantikine
R&D Systems, Minneapolis, MN, USA),
designed to measure VEGF165 levels in cell
culture supernatant, serum and plasma.

Data collection and analysis

The data were analysed using SPSS for
Windows (version 14) software. Continuous
variables with normal distribution were
expressed as means (SD) and compared
using one-way analysis of variance
(ANOVA). Categorical variables were com-
pared using the % test or Fisher’s exact test,
as appropriate. Because VEGF levels and
platelet counts were not normally distribu-
ted, comparison of these variables in DF
and DHF and during the course of the
disease was undertaken using non-
parametric methods (Kruskal-Wallis or
Mann-Whitney U tests). A p-value of
<0.05 was considered significant.

Results
Demographic data

Forty-one patients (16 females and 25
males) were enrolled for serum VEGF
determination. The mean (SD) age was
11.1 (3.1) years. There were 15 children
with DF and 26 with DHF (14 DHF
without shock and 12 DSS).

Of the 27 patients enrolled for plasma
VEGF determination, eight were female and
19 male, and mean (SD) age was 9.8 (2.5)
years. Sixteen children had DF and 11 DHF
(ten without shock and one with shock).
Eight healthy children [mean (SD) age 8.75
(1.63) years] served as controls.

In neither the serum nor the plasma
group was there a significant difference
in age, gender or day of fever between
patients with DF and those with DHF
(Table 1).
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FIG. 1. The difference in serum VEGF levels between groups (DF, DHF, DSS) during each stage of dengue virus
infection. The horizontal lines indicate the median VEGF value for each group.

Difference in serum and plasma VEGF levels
between patients with DF vs DHF

Serum levels of VEGF in patients with DF,
DHF and DSS during different stages of
dengue virus infection are shown in Fig. 1.
A trend towards lower VEGF levels in
patients with more severe dengue virus

TABLE 1. Demographic and clinical data.

infection was observed during the febrile,
toxic and convalescent stages, but not on
follow-up.

Plasma VEGF levels in patients with DF
and DHF and in the controls during the
febrile, toxic and recovery stages of the
disease are shown in Fig. 2. Similar to
serum VEGF, plasma VEGF levels were

Serum group

Plasma group

DF, n=15 DHF, n=26  p-value DF, n=16 DHF, n=11 p-value
Male:female 8:7 17:9 0.517 9:7 10:1 0.090
Age (SD), yrs 10.5 (3.3) 11.5 (3.1) 0.393 9.5 (2.3) 10.2 (2.8) 0.495
Duration of fever, 5.1 (1.2) 5.0 (0.8) 0.928 4.0 (1.1) 3.8 (1.1) 0.673
days
Maximum Hct (%) 40.2 (3.9) 45.2 (4.9) 0.001 41.0 (3.0) 46.0 (4.1) 0.001

Lowest platelet
count ( x 10%/L)*

94.5 (72.5-101.5) 35.0 (29.0-60.0) 0.004 82.5 (59.5-102.8) 59.0 (32.0-73.0) 0.110

DF, dengue fever; DHF, dengue haemorrhagic f ever; Hct, haematocrit; IQR, interquartile range. * Median (IQR).
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FIG. 2. The difference in plasma VEGF levels between groups (DF, DHF, controls) during each stage of dengue
virus infection. The horizontal lines indicate the median VEGF values.

lower in patients with DHF than with DF at
the febrile and toxic stages. The difference
between plasma VEGF in patients with
DHF and DF was statistically significant
during the toxic stage, 30.21 (inter-quartile
range 27.99-34.79) vs 40.61 (inter-quartile
range 32.17-51.87) pg/ml, respectively
(»p=0.019). There was no significant differ-
ence in plasma VEGF levels between the
DHF and DF patients at the febrile stage or
during follow-up.

Changes in serum and plasma VEGF levels
during the course of dengue virus infection

Fig. 3 demonstrates serial changes in serum
and plasma VEGF during each stage of
dengue virus infection. There were signifi-
cant changes in serum VEGF (»p<<0.001)
and plasma VEGF (»p=0.045) during differ-
ent stages of the disease. Post-hoc analysis
showed that there was no difference in
serum or plasma VEGF level between the
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(bottom) levels during the course of dengue virus
infection. The horizontal lines indicate the median
value for each group. Conv, convalescence; FU,
follow-up.



febrile and toxic stages, but both serum and
plasma VEGF were higher during recovery
(at follow-up) than in the toxic stage
(p<<0.05).

Discussion

In DHF, vascular leakage and endothelial
dysfunction are widely believed to be the
main  pathophysiological  processes.'>!!
There are few data about the role of
VEGF in the pathogenesis of vascular
leakage in DHF. Initially, we hypothesised

that VEGF might play a role in vascular

leakage in DHF/DSS as one of its
properties was to enhance vascular
permeability.

The original concept was that serum
VEGTF levels at follow-up could be used as
normal controls but the value (mean
486 pg/mL, median 352 pg/mL) appeared
to be higher than normal values reported in
other studies. Several studies have reported
serum VEGF values in normal children.'%!?
Te Loo et al. reported a mean (SD) serum
VEGF of 290 (130) pg/ml in 39 normal
control children [age 2.9 (1.7) years],'? and
Ootaki er al. reported a mean value of
203 (221.6) pg/ml in 61 normal control
children [aged 6.0 (3.4) years] compared
with those with congenital cyanotic heart
disease.!> Because of a lack of normal
control values and the possibility of a lower
platelet count causing a spuriously low
serum VEGF level in patients with DHF
and DSS,'*'> we additionally collected
plasma samples to determine VEGF in
patients with dengue virus infection and
normal controls.

Serial determination of serum and plasma
VEGTF levels demonstrated no elevation of
VEGTF during the febrile or toxic stages in
patients with dengue virus infection, and the
levels in DHF patients were not higher than
in DF patients. Contrary to our original
hypothesis, both plasma and serum VEGF
appeared to be lower in patients with more
severe dengue virus infection. Our results
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differ from those of Tseng et al. who
reported higher plasma VEGF levels in
adults with DHF compared with DF and
controls.® Srikiatkhachorn ez al. observed a
rise in the free but not total VEGF in the
plasma of DHF patients along with a decline
in the soluble form of VEGF receptor 2
(sVEGFR?2) at the time of plasma leakage,
followed by a decline in VEGF at 4-6-day
follow-up with a rise of sVEGFR2. They
concluded that VEGF regulated vascular
permeability and its activity was controlled
by binding to sVEGFR2.'° If VEGF is
indeed the cause of increased vascular
permeability in dengue haemorrhagic fever,
there are two possible reasons for the low
plasma VEGF in this study. First, because
of its small size (molecular weight 34—
42 kDa, much less than the 66 kDa of
albumin), plasma VEGF may be spuriously
low because of its leakage from the intra-
vascular compartment. Second, because the
bound form of VEGF could not be detected
by ELISA, incremental binding of VEGF to
its receptor during the toxic stage might
result in low plasma levels.

During the follow-up period, serum
VEGF levels appeared to be increased.
The reason for this is not clear, although it
is possible that VEGF plays a role in
the recovery phase of dengue infection.
Further study is needed to confirm this
finding.
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Abstract

Background: Evidence of hepatocellular damage is common in dengue-infected individuals. Hepatocyte growth factor
(HGF), a key cytokine responsible for liver regeneration, may play a prognostic role in dengue virus infection.
Aim: To determine the relationship between serum HGF level and disease severity in patients with dengue virus
infection.

Methods: Serum samples from 27 children [17 dengue fever (DF), ten dengue haemorrhagic fever (DHF)] with
serologically confirmed dengue virus infection during the febrile, toxic stages and at follow-up were analysed for
HGF. Serum samples obtained from nine healthy children served as the control group.

Results: In dengue-infected patients, serum HGF was significantly higher at the febrile and toxic stages than at follow-
up (p<<0.05). In comparison with DF, patients with DHF had a greater level of HGF at the febrile stage (p<0.05). A
cut-off HGF level of 1220 pg/mL obtained during the febrile stage showed a sensitivity of 90% and a specificity of
53% for predicting clinical progression to DHF (area under the ROC curve 0.75).

Conclusion: Serum HGF level at the early stage of dengue virus infection is elevated and may be a useful predictor for

clinical progression to DHF.

Introduction

Dengue virus infection is expanding globally
and emerging as a major public health
problem, principally in tropical countries, with
an estimated annual incidence of 50-100
million cases. The clinical spectrum of dengue
infection ranges from asymptomatic to dengue
fever (DF), dengue haemorrhagic fever (DHF)
and a severe, potentially fatal form, dengue
shock syndrome (DSS).! The liver is one of the
major target organs of dengue virus and
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hepatocellular damage can occur in varying
degrees during the course of the disease.?>
Hepatic dysfunction is common in den-
gue-infected individuals, including painful
hepatomegaly and increased levels of the
hepatic enzymes, aspartate transaminase
(AST) and alanine transaminase (ALT).
The elevation of liver enzymes, predomi-
nantly AST, is significantly greater in
patients with DHF and DSS than DF,
suggesting that the magnitude of liver injury
is associated with disease severity.?
Generally, the increase in transaminase
levels is mild to moderate, reaching max-
imum values around the 9th day after onset
of fever and gradually normalising thereafter
within a few weeks.? Although the extent of
liver involvement in patients with dengue
virus infection is usually mild, fulminant
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hepatitis and liver failure are further com-
plications of severe DHF/DSS, seen mainly
in children and young adults, and are
associated with a poor prognosis.*?>

The exact pathogenic mechanism of
hepatocellular injury during dengue virus
infection is not fully understood. It could be
the direct effect of the virus on liver cells or
the result of a dysregulated immune
response to the virus.® Histopathological
findings of fatal cases revealed centrilobular
necrosis, microvesicular steatosis, Kupffer
cell hyperplasia, mononuclear cell infiltra-
tion in the portal tract, and Councilman
bodies, indicating an apoptotic process.””® A
range of pro-inflammatory and immunore-
gulatory cytokines as well as various che-
mokines have been studied in the
pathogenesis of dengue virus infection.

Hepatocyte growth factor (HGF), a pleio-
tropic cytokine, has been recognised as the
most potent mitogen for mature hepatocytes.
This cytokine plays an essential role in liver
regeneration after injury.’ Increase in serum
HGF has been observed in various
liver diseases such as alcoholic hepatitis,
fulminant hepatic failure and hepatocellular
carcinoma.'®? In addition, it may serve as a
predictor for disease severity and outcome.
Although hepatic damage in dengue infec-
tion has been described frequently, the role
of HGF in this illness has never been studied.
This study was designed to determine the
relationship between serum HGF levels and
disease severity in children hospitalised with
dengue infection.

Subjects and Methods
Study patients

From January 2005 to December 2006,
children admitted to Had Yai Hospital,
Songkhla with the initial diagnosis of den-
gue virus infection were enrolled. Patients
aged 5-15 years and with serological con-
firmation of dengue virus infection were
included. Those in whom any other acute/
chronic diseases had previously been

diagnosed were excluded, as were those
who refused consent to the study and/or
whose parents did so. The research protocol
was approved by the Ethics Committee of
the Faculty of Medicine, Chulalongkorn
University. Written informed consent was
obtained from an appropriate guardian and/
or the patient prior to enrolment.

Blood sample collection

Upon receiving informed consent, blood
samples were collected at three stages:
febrile stage (1st day of enrolment), toxic
stage (the day of defervescence) and recov-
ery stage (at follow-up) for determination of
serum HGF levels. Three ml of blood were
collected and centrifuged at approximately
1000 G. The serum was then removed and
stored at < —70°C for subsequent analysis.

Determination of HGF level

HGF level was determined by a commer-
cially available ELISA kit (Quantikine,
R&D Systems, Minneapolis, MN, USA).

Determination of right pleural effusion

The amount of right pleural effusion was
determined by ultrasonographic examina-
tion of the right pleural space. A transducer
was placed at the right postero-lateral aspect
of the chest wall, at the level of the xiphoid
process. The maximum width of the pleural
effusion was measured. Any pleural effusion
would qualify the patient for diagnosis of
DHF.

Chinical data

The progression of the patient’s illness was
classified into three clinical stages as febrile,
toxic and convalescent according to World
Health Organization (WHO) criteria.! The
toxic stage was defined as the day of
defervescence or the presence of haemocon-
centration and/or shock. The convalescent
stage was defined as 24-48 hours after the



toxic stage and once the patient was recover-
ing. Follow-up was performed at least 1 week
after the toxic stage. Acute and convalescent
sera from all subjects were sent for serological
confirmation of dengue virus. Dengue virus
infection was diagnosed and classified as DF,
DHF and DSS according to WHO case
definitions.! Diagnosis of DHF required
evidence of capillary leakage (rising of hae-
matocrit >20% or presence of pleural effu-
sion and/or ascites) on at least one occasion.
In patients without a baseline haematocrit,
the percentage of haemoconcentration was
determined using the difference between
maximum and minimum haematocrit during
the same admission. DSS was diagnosed
when a patient with DHF had clinical
findings of shock such as: (i) hypotension in
relation to age and cold, clammy skin or
restlessness, or (ii) narrow pulse pressure
(<20 mmHg) and rapid, weak pulse.’
Classification of the patient’s clinical severity
was agreed by two physicians. All patients
were treated by in-house staff and attending
staff, according to WHO guidelines.!

Confirmation of dengue virus infection

Serological studies of dengue virus infection
were performed at the Department of
Medical Sciences, Ministry of Public Health
(Nonthaburi, Thailand) using enzyme-linked
immunosorbent assay (ELISA).

Data collection and analysis

Data were analysed using Prism for
Windows, version 5 (GraphPad Software
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FIG. 1. HGTF levels in children with dengue infection

during different stages of the illness (»<<0.001).

Inc., La Jolla, CA, USA). Continuous
variables were expressed as mean (SD) and
were compared using the z-test or one-way
ANOVA. Categorical variables were com-
pared by the y? test or Fisher’s exact test, as
appropriate. A p-value of <0.05 was con-
sidered significant.

Results

Sixty-nine serum samples from 27 patients
with serologically-confirmed dengue virus
infection (17 with DF, ten with DHF) were
analysed for serum HGF levels. Nine
healthy children served as normal controls.
Demographic and clinical data are sum-
marised in Table 1.

HGEF serum levels in patients with dengue
virus infection (DF 4+ DHF) during different
stages of the disease and in controls are
shown in Fig. 1. Serum HGF was signifi-
cantly different between the three stages of
the disease (p<<0.001). Post-hoc analysis

TABLE 1. Demographic and clinical data for 27 patients.

DF (n=17) DHF (n=10) p-value
Age (y)* 9.7 (2.4) 9.9 (2.8) NS
M/F 9/8 9/1 NS
Body temperature max (C)* 39.6 (1.0) 39.7 (0.5) NS
Maximum haematocrit (%)* 41.0 (3.9) 45.5 (4.0) <0.01
Lowest platelet ( x 10%/L)* 86 (40) 74 (70) NS

* Mean (SD); NS, not significant.
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FIG. 2. HGTF levels in patients with DF vs DHF at
different stages of the illness.

showed that HGF levels in dengue-infected
patients were significantly higher at the
febrile and toxic stages than at follow-up
(p<<0.05).

Fig. 2 shows the difference between HGF
levels in patients with DF and DHF at
different stages of the disease. At the febrile
stage, serum HGF was significantly different
between DF and DHF patients (top figure,

$<<0.05). There was a tendency towards a
higher level of serum HGF in patients with
DHF than in those with DF at the toxic
stage (centre figure, p=0.33), but not at
follow-up (bottom figure, p=0.96). Receiver
operating characteristics analysis showed
that the area under the curve was 0.75 when
using HGF levels at the febrile stage to
predict clinical progression to DHF
(Fig. 3). A cut-off serum HGF level of
1220 pg/mL. obtained during the febrile
stage showed a sensitivity of 90% and a
specificity of 53% for predicting progression
to DHF.

Ultrasonographic examination of the right
pleural space was undertaken in 23 patients
at the convalescent stage. Five children were
found to have pleural effusion. There was no
significant relationship by linear regression
analysis between thickness of pleural effu-
sion and serum HGF levels at the febrile
and toxic stages (r=0.26, p=0.22 for febrile
and r=0.02, p=0.95 for toxic stages).

Discussion

HGF is a heparin-binding polypeptide
growth factor which is known to be the
most potent trigger of hepatocyte regenera-
tion following liver injury. This cytokine is
synthesised by a range of cells including
non-parenchymal liver cells such as sinusoi-
dal wall endothelial cells, Kupffer cells and
Ito cells.!” Various studies conducted in
patients with different types of infectious
and non-infectious liver diseases, including
hepatitis B, fulminant hepatic failure, and
hepatocellular carcinoma, have demon-
strated a variable degree of increased serum
HGF levels.!>!>1° Some research has also
investigated its correlation with biochemical
parameters of hepatic damage and sup-
ported its value as a prognostic marker.
Evidence of hepatocellular damage in
dengue-infected patients, as indicated by
raised transaminase levels (predominantly
AST), has been described and was more
pronounced in DHF than in DF.?
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FIG. 3. Receiver operating characteristic (ROC) curve for using HGF during the febrile stage to predict clinical

progression to DHF vs DF (area under the curve 0.75).

Nevertheless, the level of HGF during
dengue infection has never been investi-
gated. We initially hypothesised that ele-
vated serum HGF levels might be associated
with dengue virus infection and related to
disease severity.

In accordance with the original hypoth-
esis, our study demonstrated that serum
HGF levels were significantly elevated dur-
ing the febrile and toxic stages of dengue
infection. Furthermore, DHF patients
tended to have a higher HGF level than
DF patients during the febrile stage (Fig. 2,
top). Although HGF appeared to be higher
in DHF than in DF at the toxic stage
(Fig. 2, centre), the difference did not reach
statistical significance, possibly owing to the
relatively small sample size. The early
increase in serum HGF levels observed in
our study might have a prognostic value in a
patient suspected of having dengue virus

infection. A cut-off level of 1220 pg/mL
obtained during the febrile stage was found
to be a sensitive predictor of clinical
progression to DHF (sensitivity 90%).
Therefore, serum HGF obtained at the
febrile stage might become a valuable tool
for early identification of dengue-infected
patients at risk of developing DHF and
should be further studied. Owing to small
sample sizes, the relationship between HGF
and severity of pleural effusion was not
statistically significant. Additional studies
with more subjects are required to better
elucidate this finding.

The mechanism underlying increased
HGTF levels in patients with dengue infec-
tion, particularly DHF, has remained
unclear. We postulate that it might be owing
to enhanced production of this hepatotropic
factor in response to dengue-induced liver
injury, which has previously been reported
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to be more profound in DHF than in DF.?
In addition, since the liver is responsible for
clearance of HFG, decreased elimination as
a result of liver cell damage might be
another explanation. Additional investiga-
tions are required to elucidate the possible
mechanisms and the significance of HGF
elevation in dengue infection.

We provide preliminary data suggesting
that serum HGF level at the early stage of
dengue virus infection is elevated and may
serve as a wuseful predictor of clinical
progression to DHF. Further studies with
larger patient groups are warranted to
confirm these encouraging results.

Acknowledgments

We are deeply grateful to the Commission on
Higher Education, Ministry of Education, the
Department of Medical Sciences, Ministry of
Public Health, Centre of Excellence in
Viral Hepatitis, Thailand Research Fund,
Centre of Excellence in Clinical Virology,
Chulalongkorn University, CU Centenary
Academic Development Project and King
Chulalongkorn Memorial Hospital for gener-
ous support; we also thank Ms Petra Hirsch
for reviewing the manuscript. The study was
supported in part by the Thailand Research
Fund Grant # RMU 4890019.

References

1 World Health Organization. Dengue Haemorrhagic
Fever: Diagnosis, Treatment, Prevention and Control,
2nd edn. Geneva: WHO, 1997.

2 Nguyen TL, Nguyen TH, Tieu NT. The impact of
dengue haemorrhagic fever on liver function. Res
Virol 1997; 148:273-7.

3 Kuo CH, Tai DI, Chang-Chien CS, Lan CK,
Chiou SS, Liaw YF. Liver biochemical tests and
dengue fever. Am ¥ Trop Med Hyg 1992; 47:265-70.

4 Poovorawan Y, Hutagalung Y, Chongsrisawat V,
Boudville I, Bock HL. Dengue virus infection: a

10

11

12

13

14

15

16

major cause of acute hepatic failure in Thai
children. Ann Trop Paediatr 2006; 26:17-23.
Chongsrisawat V, Hutagalung Y, Poovorawan Y.
Liver function test results and outcomes in children
with acute liver failure due to dengue infection.
Southeast Asian § Trop Med Public Health 2009;
40:47-53.

Seneviratne SL, Malavige GN, de Silva H]J.
Pathogenesis of liver involvement during dengue
viral infections. Trans R Soc Trop Med Hyg 2006;
100:608-14.

Bhamarapravati N, Toochinda P, Boonyapaknavik
V. Pathology of Thailand haemorrhagic fever: a
study of 100 autopsy cases. Ann Trop Med Parasitol
1967; 61:500-10.

Couvelard A, Marianneau P, Bedel C, er al. Report
of a fatal case of dengue infection with hepatitis:
demonstration of dengue antigens in hepatocytes
and liver apoptosis. Hum Pathol 1999; 30:1106—
10.

Michalopoulos GK, DeFrances MC. Liver regen-
eration. Science 1997; 276:60-6.

Tsubouchi H, Niitani Y, Hirono S, et al. Levels of
the human hepatocyte growth factor in serum of
patients with various liver diseases determined by an
enzyme-linked immunosorbent assay. Hepatology
1991; 13:1-5.

Hillan KJ, Logan MC, Ferrier RK, ez al. Hepatocyte
proliferation and serum hepatocyte growth factor
levels in patients with alcoholic hepatitis. ¥ Hepatol
1996; 24:385-90.

Shiota G, Okano ], Kawasaki H, Kawamoto T,
Nakamura T. Serum hepatocyte growth factor
levels in liver diseases: clinical implications.
Hepatology 19955 21:106-12.

Vejchapipat P, Tangkijvanich P, Theamboonlers A,
Chongsrisawat V, Chittmittrapap S, Poovorawan Y.
Association between serum hepatocyte growth
factor and survival in untreated hepatocel-
lular carcinoma. ¥ Gastroenterol 2004; 39:1182—
8.

Innis BL, Nisalak A, Nimmannitya S, et al. An
enzyme-linked immunosorbent assay to characterise
dengue infections where dengue and Japanese
encephalitis co-circulate. Am § Trop Med Hyg
1989; 40:418-27.

Kinoshita T, Tashiro K, Nakamura T. Marked
increase of HGF mRNA in non-parenchymal liver
cells of rats treated with hepatotoxins. Biochem
Biophys Res Commun 1989; 165:1229-34.

Ozden M, Kalkan A, Demirdag K, Denk A, Kilic
SS. Hepatocyte growth factor (HGF) in patients
with hepatitis B and meningitis. ¥ Infect 2004;
49:229-35.



	Part0_RMU4980019_Final Report_Cover
	Part1_Section1_Astract
	Part2_Section1_Executive Summary_Text
	Part2_Section2_Table 2
	Part3_Section1_VEGF_All
	Part4_Section1_MMP9_Text
	Part4_Section2_MMP9_Figures
	Part5_Section1_HGF_All
	Part6_Section1_Lactate1_Text
	Part6_Section2_Lactate1_Table
	Part6_Section3_Lactate1_Figures
	Part7_Section1_DHF_LFT_All
	Part8_Section1_DHF_ECHO
	Part8_Section2_DHF_ECHO_Figures
	Part9_Section1_CaseReport_All
	Part10_Output
	Part11_ผนวก1_VEGF in DHF_ATP7303
	Part11_ผนวก2_ATP_Nipasiri

